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foreword 


In  order  to  taring  to  the  attention  of  interested  psrwnnal  the  status 
of  research  projects  being  perfoned,  supported,  or  epoadbred  by  the  Flight 
Research  Laboratory,  this  semi-annual  report  (formerly  a quarterly  report) 
has  been  prepared.  Preceding  the  technical  progress  of  each  group  of  pro- 
jects, there  appears  a n on-technical  description  of  a significant  accomp- 
lishment by  that  particular  research  branch,  Many  such  accomplishments  can 
be  cited.  Each  ssed-Ksuial  report  will  contain  for  each  research  branch,  an 
accooplisteerrt  within  a particular  field  of  endeavor.  Insofar  as  possible, 
this  will  be  phrased  in  non- technical  terms  so  as  to  be  readily  understood 
by  all. 

Although  the  Flight  Research  Laboratory  is  vested  with  the  responsibility 
of  undertaking  applied  research  projects  in  support  of  the  WADC  development 
mission,  it  is  not  directed  by  the  development  laboratories.  Projeots  may  be 
suggested  by  these  laboratories  and  the  Flight  Research  Laboratory  heartily 
encourages  such  suggestions;  projects  may  be  directed  by  higher  authority,  or 
thsy  may  be  those  thought  to  yield  worthwhile  results  by  the  project  scientist. 
In  addition  to  having  the  responsibility  for  aecaaplisteeat  of  research  in  thQ 
physical  sciences,  any  scientific  personnel  within  the  laboratory  are  always 
available  for  consulting  services  to  laboratories  or  ether  Air  Force  agencies. 
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MATHEMATICS  RESEARCH  BRANCH 


The  Mathematics  Research  Branch  initiates  and  directs  applied  research 
in  the  field  of  mathematics,  computation  and  simulation  services  for  the 
VSAF.  The  Applied  Mathematics  Research  Section  performs  mathematical  treat- 
ment of  Air  Force  engineering  and  scientific  problems.  This  treatment  will 
generally  fall  in  two  categories .*  (i)  the  treatment  of  complex  problems 
of  knovn  mathematical  techniques,  and  ( 2 ) the  development  of  new  techniques 
for  the  treatment  of  such  problems.  The  Simulation  Research  Section  is  re- 
sponsible for  all  simulation  activities.  "The  Statistics  Research  Section 
is  responsible  for  mathematical  phases  of  research  projects  involving  statis- 
tical methods,  and  assists  WADC  laboratories  in  solution  of  problems  in- 
volving application  of  statistical  procedures.  A Computation  Research  Sec- 
tion performs  consulting  service  in  regard  to  automatic  machine  solution  of 
all  types  of  engineering  problems,  executes  theoretical  and  experimental 
research  in  the  field  of  machine  computation  and  supplies  computation  ser- 
vices to  VSAF  agencies  and  contractors  through  use  of  analogue,  digital  or 
IBM  machines. 
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PROGRESS  OF  SCIEMCE  THROUGH  ELECTRONIC  BRAINS 


The  Confutation  Research  Section 
has  provided,  to  date,  automatic  analogue  and  numerical  confuting  services  to 
twenty-five  Air  Force  Contractors  and  thirty-five  Air  Force  agencies  for  prob- 
lems directly  concerned  with  the  development  and  production  of  advanced  weapons 
to  fulfill  the  Air  Force  mission.  The  knowledge  and  experience  concentrated  in 
a centralized  confuting  service  pays  dividends  in  the  more  erudite  approach  to 
complex  problems  such  as  those  that  have  been  solved  at  the  Computation  Research 
Section. 

One  interesting  problem  concerned  the  design  of  a remotely  controlled  bomb 
which  could  follow  definite  trajectories.  The  mathematical  studies  performed  on 
the  computing  devices  at  the  Computation  Research  Section  revealed  that  the  prob- 
lem was  much  more  complex  than  originally  expected  and  resulted  in  the  requirement 
of  further  study  by  the  manufacturer.  Thus  the  computing  service  saved  many  man- 
hours and  dollars  which  would  otherwise  have  been  expended  in  the  construction  and 
flight  testing  of  a control  system  which  could  not  be  expected  to  work. 


Another  notable  example  of  accom- 
plishment was  the  confuting  of  the 
aerodynamic  characteristics  of  advan- 
ced aircraft  and  missile  models  at  a 
cost  of  *150.00  per  hour  which  other- 
wise would  have  been  determined  in  a 
wind  tunnel  at  a cost  of  $1000.00  per 
how.  The  confuting  method  is  also 
75  times  faster  than  wind  tunnel 
testing. 


SOLVING  12 TH  ORDER  POLYNOMIALS 

The  evaluation  of  polynomials 
"has  long  been  of  prime  importance 
to  the  engineer  and  the  mathema- 
tician alike.  When  it  is  desired 
to  evaluate  a polynomial  of  degree 
higher  than  the  fourth  with  real 
or  conplex  values  of  the  argument, 
so  much  mathematical  manipulation 
is  required  that  in  several  fields 
of  investigation  various  approximati 
methods  and  diagnostic  procedures 
have  evolved  to  eliminate  this 
drudgery.  An  example  of  this  is 
the  Nyquist  diagram  which  is  used 
to  check  system  stability  in  feed- 
back amplifier  and  servo-mechanism 


Polynomial  Plotter 
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Solving  12th  Order  Polynomials  (Cont) 


design. 

The  Polynomial  Svaluator  was  made  by  the  Reeves  Instrument  Corporation  from 
a prototype  model  developed  by  Kr.  L.  M.  Warshawsky  and  Mr.  VJ.  Braun  of  t'ne  Analogue 
Unit.  The  machine  will  evaluate  polynomials  with  real  or  complex  coefficients  of 
degree  twelve  or  less  for  various  values,  real  or  complex,  of  the  independent  vari- 
able. The  functional  values  may  be  read  directly  as  discrete  numbers  or  they  may 
be  plotted  continuously  on  available  recording  equipment.  In  particular,  roots  of 
higher  order  equations  are  determined  as  values  of  the  independent  variable  for  which 
the  polynomial  will  vanish.  A special  feature  of  this  machine  enables  one  to 
generate  simultaneously  two  polynomials  of  degree  six  or  less  which  may  be  of  a 
?yquist  plot.  Curve  fitting  may  also  be  accomplished  by  using  this  machine.  The 
fact  that  few,  if  any,  preliminary  calculations  are  required  in  using  this  device 
as  well  as  the  easo  and  speed  with  which  an  anatysic  of  a polynomial  can  be  made 
for  a certain  range  of  values  indicates  that  this  machine  answers  a major  need  of 
the ,r~ search  worker. 
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Investigate  Analogue  Machine  Computation  of  Certain  Classes 
of  Partial  Differential  Equations 

460-50-1  PRIORITY:.  2 EST.  COMPLETION:  December  1952 


Unclassified 


RESPONSIBLE  SCIENTIST:  Lt  J.F.  Riordan 

EXT.:  23250 


PRIME  CONTRACTOR:  None  . Work  being  accomplished  at  WADC. 


PURPOSE: 


The  purpose  of  this  task  is  to  investigate  the  application 
of  analogue  computers  to  the  solution  of  partial  differential- 
equations  of  the  -type  oc curing  in  compressible  flour,  flutter, 
structural  vibrations,  internal  aerodynamics,  etc. 


TO  DATE:  Library  work  which  was  carried  on  to  learn  more  about  the  cur- 

rent methods  being  used  and  to  seek  information  which  will  suggest  other  methods 
has  been  completed.-  Present  methods  convert  the  partial  differential  equations 
either  to  a system  of  ordinary  differentail  equations  or  to  a system  of  algebraic 
equations  by  finite  difference  methods.  A numerical  example  is  being  set  .up  for 
which  the  exact  solution  is  known  in  order  to  check  the  convergence  of  the  approxi- 
mate solution  to  the  exact  one.  It  is  planned  to  employ  the  method  of  replacing 
the  partial  derivative  with  respect  to  one  of  the  variables  by  an  approximate 
differential  relationship  thereby  reducing  the  problem  to  a system  of  ordinary 
differential  eauations. 


PURPOSE: 


* * * * 

TITLE:  Mathematical  Coding  of  New  Type  Problems  on  Analogue  Machines 

of  the  REAC  Type 

TASK  NO.:  460-50-2  PRIORITY:  EST.  COMPLETION:  September  1952 

SECURITY:  Unclassified  RESPONSIBLE  SCIENTIST:  Lt  J.F.  Riordan 

EXT. : 23250 

PRIME  CONTRACTOR:  University  of  Notre  Dame 

PURPOSE:  The  purpose  of  this  task  is  to  improve  the  methods  that  have 

been  devised  for  handling  linear  algebraic  systems  of  equa- 
tions on  Reeves  type  analogue  computers  so  that  the  number 
of  machine  components  can  be  reduced  and  larger  systems 
handled. 

TO  DATE:  The  project  has  failed  to  discover  methods  for  reducing  the 

machine  components  required  to  solve  the  general  system  of  algebraic  equations. 

It  did  confirm  known  practices  from  experience  sufch  as  the  benefits  from  domi- 
nance of  diagonal  terms  in  reducing  the  required  components.  An  interesting  by- 
product from  this  project  is  the  paper  entitled  "A  General  Theory  of  the  Iterativ* 
Methods  of  Solution  of  Linear  Systems".  The  final  report  and  one  Technical  Report 
have  been  received.  Two  further  Technical  Reports  are  expected.  When  they  are 
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"Project  460-50-2  (Cont)" 


received,  the  project  will  be  closed  out. 

Internal  research  carried  out  in  connection  with  the  work  done 
by  the  contractor  was  directed  toward  solution  of  polynomial  equations  on  the 
analogue  computer.  Following  results  of  previous  researchers,  the  solution  of 
polynomial  equations  was  attempted  by  reducing  the  solutionto  a condition  or  a 
system  of  linear  secular  equations.  The  end  result  of  this  attempt  was  to  show 
that  such  a method  of  solution  reduces  in  effect  to  direct  computation  of  the 
values  of  the  polynomial  by  the  analogue  computer.  Based  on  this  result,  a rou- 
tine has  been  devised  by  which  the  roots  of  the  equation  can  be  found  quickly  and 
accurately.  Several  polynomial  equations  have  been  solved  by  this  method.  The 
results  show  that  the  method  is  workable,  and  when  used  in  combination  with  stan- 
dard iterative  procedures,  leads  to  accurate  results  in  a short  time.  A report 
describing  the  method  has  been  written  and  will  be  submitted  for  publication. 

* * ■»■  ■# 

Analogue  Series  Computers 

460-50-3  PRIORITY:  2 E5T.  COMPLETION:  June  1953 

Unclassified  RESPONSIBLE  SCIENTIST:  Max  G.  Scherberg 

EXT. : 23250 

None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  develop  an  analogue  computer 
to  compute  series  expansions.  In  particular,  power  series 
and  trigonometric  series  will  be  treated. 

TO  DATE:  A breadboard  model  has  been  built  as  an  auxiliary  computer 

to  the  REAC  and  tested  on  third  and  sixth  degree  polynomials.  A new  principle 
of  analogue  computation  is  employed  and  methods  will  be  sought  to  expand  its  use. 
More  detailed  mathematical  investigations  of  the  types  of  problems  to  which  this 
device  may  be  applied  are  being  accomplished.  Instrumentation  is  proceeding 
slowly,  motivated  by  low  priority  assigned  this  project,  and  several  ideas  ex- 
pressed by  Flight  Research  Laboratory  personnel  are  being  considered  for  the 
instrumentation  phase* 

* * * * 

TITLE:  Investigation  of  a Nonlinear  Differential  Equation 

TASK  NO.:  460-50-7  PRIORITY:  2 EST.  COMPLETION:  June  1952 

SECURITY:  Unclassified  RESPONSIBLE  SCIENTIST:  Max  G.  Scherberg 

EXT.;  23250 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 
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•'Project  460-50-7  (Cont)» 

University  of  Washington,  Seattle 

The  purpose  of  this  task  is  to  investigate  the  periodic  so- 
lutions of  the  oscillator  equation  with  quadratic  damping, 
i.e.,  x ♦'bx  |xj  4w2x  % F(t  4T),  in  which  F(t)  is  periodic 
and  there  are  not  the  usual  restrictions  on  the  magnitudes 
of  the  positive  constants  b and  w2. 

TO  DATE;  The  above  equation  is  of  interest  in  electrical  circuits 

theory  where  velocity  squared  devices  such  as  thermocouples  and  certain  vacuum 
tubes  are  employed.  The  equation  also  ha3  application  in  mechanics  where  the 
mechanism  utilizes  a so-called  "hydraulic  damper".  Solutions  to  this  equation 
may  also  be  of  interest  for  analyzing  certain  flight  maneuvers  where  the  damping 
is  proportional  to  the  square  of  the  velocity.  Solutions  to  this . equation  for 
certain  values  of  the  constants  have  been  analytically  computed.  These  solutions 
are  being  used  a3  check  cases  for  the  evaluation  of  a special  electronic  computer; 
the  results  have  been  encouraging  and  the  accuracy  attained  has  been  considered 
adequate  for  engineering  applications.  As  a result,  the  investigation  has  been 
extended  to  include  the  more  general  case  where  x 4 bx  |(xf  4-W2x  =.  F(t  - T) 
with  n - 0.2,  0.4,  0.6,  0.8  in  the  neighborhood  of  maximum  amplitude.  The  con- 
tract has  recently  been  extended  an  additional  six  months;  the  final  report  will 
be  prepared  during  that  time. 

* * * * 

Dynamics  of  Opening  Shock  of  a Parachute 
460-50-11  PRIORITY:  2 EST.  COMPLETION : July  1952 

Unclassified  RESPONSIBLE  SCIENTIST:  J.R.  Foote  EXT.i  23250 

None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  project  is  to  develop  a theory  for  the 
opening  shock  phenomena  of  parachutes,  particularly  for  high 
altitude  opening. 

TO  DATE:  A report  has  been  prepared  on  the  theoretical  phase  of  the 

investigation.  It  reports  on  the  development  of  the  differential  equations  con- 
taining the  several  parameters  defining  the  geometry  and  operating  conditions  of 
a parachute,  the  solution  of  which  defines  the  opening  motion  of  the  parachute 
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and  the  variation  of  forces  during  the  process.  Experimental  data  is  needed  to 
evaluate  some  of  the  parameters  eo  that  the  theory  may  be  checked  against  ex- 
perience. lhe  experimental  program  set  up  for  the  evaluation  of  parameters  is 
in  process. 


Data  for  specific  samples  of  cloth  such  as  used  in  man-carrying 
parachutes  has  been  put  into  a suitable  form  and  used  in  the  theory.  The  mass- 
balance  equation  and  the  equation  of  motion  have  been  solved  together  to  provide 
the  velocity  and  opening-rate  histories  of  the  opening.  In  developing  the  equation 
of  motion  of  the  system,  a formula  was  used  which  corrects  the  steady  state  drag 
coefficient  to  account  for  higher  dynamic  pressure  which  occurs  during  opening. 

The  formula  is  based  on  experimental  data  which  indicates  that  parachute  cloth  is 
effectively  less  porous  at  the  higher  dynamic  pressures. 

The  velocity  history  is  predicted  for  four  cloth  samples  at 
each  of  three  low  altitudes.  For  the  ’’average”  sample,  the  3hock  force  and  opening 
rate  histories  are  calculated.  A high  altitude  opening  is  calculated  for  the 
average  sample.  The  forces  are  of  the  proper  order  of  magnitude  as  shown  from 
actual  tests. 

The  work  was  presented  at  the  Second  Midwestern  Conference  on 
Fluid  Mechanics,  Ohio  State  University,  18  March  1952  and  will  be  published  in  the 
Ohio  State  University  Bulletin. 


* * * 


TITLE:  Mathematical  Investigation  of  Downwash  Behind  Supersonic  Wings 

TASK  NO.:  460-50-12  PRIORITY:  2 EST.  COMPLETION:  Continuing 

SECURITY:  Unclassified  RESPONSIBLE  SCIENTIST:  Max  G.  Scherberg. 

EXT. : 23250 

PRIME  CONTRACTOR : None.  Work  being  accomplished  at  WADC. 

PURPOSE:  The  purpose  of  this  task  is  to  develop  information  on  the  down- 

wash,  wash  in,  wash  out  and  fore  and  aft  wash  behind  wings  in 
supersonic  flight. 

TO  DATE:  This  project  has  been  temporarily  delayed  due  to  higher  priority 

work. 


f, 
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Radar  Scatter  Problems 

460-50-16  PRIORITY:  2 BBT.  COMPLETION:  July  1952 

Unclassified  RESPONSIBLE  SCIMTIST:  Lt  J.P.  Riordan 

EXT. : 23250 

None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  obtain  the  integral  for  a number 
of  values  of  various  parameters  Involved. 


TO  DATE:  This  project  has  been  completed  and  the  final  report  is  being 

prepared. 


* * * * 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 

PURPOSE: 


Computation  of  Compressible,  Nonstationary  Air  Forces 
460-50-15  PRIORITY:  2 EST.  COMPLETION:  March  1953 
Unclassified  RESPONSIBLE  SCIENTIST:  H.E.  Fettis  EXT.:  23250 

University  of  Dayton 

The  purpose  of  this  task  is  to  obtain  a complete  set  of  com- 
pressible flow  wing  and  aileron  lift  end  moment  coefficients 
for  use  in  flutter  calculations. 


TO  DATE:  The  aerodynamic  forces  of  an  oscillating  wing  aileron  combi- 

nation are  functions  of  the  following  three  parameters:  (1)  the  mach  number  (the 
ratio  of  speed  "vM  of  the  undisturbed  air  stream  to  the  speed  of  sound  under  the 
same  conditions  of  pressure  and  temperature).  The  conventional  symbol  for  this 
quantity  is  M.  (2)  the  reduced  frequency.  This  is  a dimensionless  combination  of 
the  forward  speed  (measured  in  semi-chord  lengths)  to  the  frequency  of  the  oscil- 
lation. Ihe  quantity  is  usually  designated  as  "w".  (3)  the  chord  of  the  control 

surface  as  a ratio  of  the  local  semi-chord  of  the  airfoil.  The  conventional  sym- 
bol for  this  parameter  is  (1  - e),  calculations  have  been  completed  for  M - ,7, 

w = .04(. 04)52,  e = .3,  .5,  .7.  The  ratio  for  e = .5  are  contained  in  AFTR  No. 

6688.  The  remaining  values  will  appear  in  supplements  to  that  report.  The  con- 
tract has  recently  been  extended.  It  is  anticipated  that  values  for  e ~ 72  to 
e * .9  in  increments  of  .1  will  be  obtained. 

* * * * 

Computation  of  Non-Stationary  Subsonic  Air  Forces 
460-50-17  PRIORITY:  2 EST.  COMPLETION:  March  1953 

Unclassified  RESPONSIBLE  SCIENTIST:  H.E.  Fettis  EXT.:  23250 

None.  Work  is  being  accomplished  at  WADC. 
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PURPOSE:  The  purpose  of  this  task  is  to  develop  a practical  method  for 

the  computation  of  non-stationary  compressible  aerodynamic 
lift  and  moment  coefficients. 

TO  DATE:  Presentation  of  a paper  entitled  "Reciprocal  Relations  in  the 

Theory  of  Unsteady  Flow  over  Thin  Airfoil  Sections"  was  made  at  the  Second  Mid- 
western Conference  on  Fluid  Mechanics  at  Columbus,  Ohio,  March  17,  18  and  19, 
1952. 

Pertinent  data  recently  received  from  the  Amsterdam  National 
Aeronautical  Research  Laboratory  is  being  examined  to  determine  its  applicability 
to  the  computation  program  of  460-50-15.  A computation  program  to  be  performed 
at^Institute  for  Numerical  Analysis  is  being  drawn  up,  based  on  formulae  recently 
developed  by  Eric  Reissner.  The  results  of  these  computations  will  serve  as  an 
independent  check  both  on  the  results  of  the  Dutch  work  and  that  being  performed 
under  460-50-15.  A consultation  was  held  recently  with  Dr.  Blanch  oftflnstitute 
for  Numerical  Analysis  who  will  supervise  the  computation  program.  In  this  con- 
ference, numerous  questions  concerning  details  of  the  computation  were  discussed. 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


Nonlinear  Partial  Differential  Equations 
460-50-18  PRIORITY:  2 EST.  COMPLETION:  June  1952 

Unclassified  RESPONSIBLE  SCIENTIST:  H.E.  Fettis  EXT.:  23250 

None.  Work  being  accomplished  at  WADO , 

The  purpose  of  this  project  is  to  devise  a method  for  solving 
a nonlinear  partial  differentia],  equation  on  the  REAC  computer. 


TO  DATE:  A possible  method  consisting  of  a suitable  coordinate  system 

has  been  set  up  for  treating  this  problem.  It  has  been  formulated  and  is  in  the 
process  of  analysis  to  determine  its  suitability.  Consideration  is  being  given 
to  the  finite  difference  method  in  one  variable  so  that  the  analogue  computer  may 
be  used.  The  finite  difference  method  was  forwarded  to  Dr.  Riess,  formerly  of 
Boston  University  and  the  originator  of  the  problem,  for  evaluation.  A similar 
approach  by  Dr.  Eichelberger  of  Montsanto  Laboratory  was  also  sent  to  Dr.  Riess 
for  evaluation.  Mr.  Glazer  of  Boston  University  has  recently  taken  over  the 
duties  of  Dr.  Riess. 
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Applied  Mathematical  Research  in  the  Fields  of  Interest  to  the 
Military  Establishment 

460-50-21  PRIORITY;  2 EST.  COMPLETION;  July  1952 

Unclassified  RESPONSIBLE  SCIENTIST;  Max  G.  Scherberg 

EXT,;  23250 

Carnegie  Institute  of  Technology 

The  purpose  of  this  task  is  to  provide  basic  qualitative  and 
quantitative  technical,  non-technical,  and  engineering  informa- 
tion on  topics  of  interest  to  three  supporting  agencies  and 
to  help  stimulate  the  development  of  technical  and  scientific 
personnel. 

TO  DATE;  A progress  report  for  the  period  1 July  1951  to  9 February  1952 

was  received.  Various  fields  of  interest  were  reported;  Elasticity  and  Plasticity, 
Fluid  Dynamics,  Mathematical  Economics  and  Programming,  Statistics,  Relativity 
Theory  and  Quantum  Mechanics,  Vibrations  and  Supplemental  Topics.  A report  en- 
titled, " A Statistical  Analogue  for  Natural  Vibrations"  and  another  report  en- 
titled, " A Note  on  the  Convolution  of  Uniform  Disturbances"  were  recently  received. 

Calculations  of  IP  Propeller  Vibration  Frequencies 
460-50-22  PRIORITY;  2 EST.  COMPLETION;  July  1952 

UNCLASSIFIED  RESPONSIBLE  SCIENTIST;  H.E.  Fettis  EXT.;  23250 
None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  develop  a practical  method  for 
the  calculation  of  the  natural  vibration  modes  of  a rotating, 
flexible  propeller  blade,  taking  into  account  the  centrifugal 
field  and  the  built-in  twist  of  the  blade. 

TO  DATE;  Revised  equations  of  motion  resulting  from  the  corrected  cur- 

vature bending  moment  relation  a3  verified  by  G.H.  Handelman  of  Carnegie  Institute 
of  Technology,  are  being  set  up.  Trial  calculations  to  determine  the  effect  of 
this  change  on  the  natural  frequency  are  to  be  made.  A proposal  has  been  received 
from  Purdue  University  to  pursue  work  on  this  project;  the  proposal  is  being 
considered. 

* ■»  * * 

TITLE;  .Derivation  of  Camera  Formulae  Useful  in  Study  of  Pilot  Visibility 

TASK  NO.;  460-50-23  PRIORITY;  2 EST.  COMPLETION;  July  1953 

SECURITY;  Unclassified  RESPONSIBLE  SCIENTIST;  H.  Ferguson  EXT.:  23250 

PRIME  CONTRACTOR;  None.  Work  being  accomplished  at  WADC. 
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PURPOSE:  The  purpose  of  this  task  is  to  derive  formulae  which  will  ex- 

press the  number  of  steradians  of  visibility  of  a pilot  as  a 
function  of  area  on  the  film. 

TO  DATE:  Formulas  have  been  derived  which  give  the  number  of  steradians 

of  visibility  of  a pilot  as  function  of  area  on  a film.  The  formulas  have  been 
turned  over  to  interested  personnel  in  the  Aero  Medical  Laboratory.  The  project 
is  being  closed  out. 

* # * * 

Deceleration  of  Ballistic  Type  Missile  on  Re-entry  Into  Atmojphere 
460-50-24  PRIORITY;  2 EST.  COMPLETION:  Continuing 

SECRET  RESPONSIBLE. SCIENTIST:  T.  Rubin  EXT.:  23250 

None.  Work  being  performed  at  WADC. 

The  purpose  of  this  task  is  to  determine  whether  suggested 
methods  of  inducing  high  decelerations  in  the  upper  portions 
of  the  atmosphere  will  reduce  sufficiently  the  maximum  decelera- 
tions obtained  in  flight  to  permit  safe  and  continuing  operation 
of  the  electronic  equipment. 

TO  DATE:  Calculations  have  indicated  that  tumbling  of  the  configurations 

studied  will  not  produce  enough  retardation  to  prevent  serious  aerodynamic  heating. 

An  alternate  configuration  consisting  of  the  original  conical  form  attached  to  a 
large  cylindrical  tank  which  is  the  fuel  tank  in  the  overall  design  was  next  tried. 

The  results  obtained  with  the  larger  configurations  were  more  promising  although 
still  short  of  the  required  results  even  though  obtained  under  the  most  optomistic 
conditions.  At  the  present  time,  the  use  of  high  drag  configurations  in  the  higher 
altitudes  to  reduce  speed  and  alleviate  aerodynamic  heating  does  not  appear  promising. 
One  more  effort  will  be  made  to  determine  whether  successful  decelerations  may  be 
accomplished  by  the  above  methods. 
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Investigation  of  Pilot  Escape  from  High  Speed  Aircraft 
460-50-25  PRIORITY:  2 EST.  COMPLETION:  November  1952 

CONFIDENTIAL  RESPONSIBLE  SCIENTIST:  H.  Ferguson  EXT.:  23250 
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PRIME  CONTRACTOR i None.  Work  being  accomplished  at  WADC. 

PURPOSE;  The  purpose  of  this  task  is  to  make  a mathematical  Investigation 

of  methods  for  pilot  escape  from  high  speed  aircraft  under  a 
variety  of  flight  conditions  related  to  the  speed,  altitude, 
attitude  and  structural  design  of  the  airplane. 

TO  DATE:  Aero  Medical  Laboratory  personnel  are  interested  in  acceleration 

of  the  various  parts  of  the  body  of  a pilot  after  ejection  from  an  aircraft  by  an 
ejection  seat  which  is  tumbling.  Results  obtained  will  facilitate  the  designing 
of  experiments.  Formulae  have  been  derived  which  give  the  acceleration  in  direction 
of  head  to  foot,  and  chest  to  back,  of  the  variouB  parts  of  the  body  of  the  pilot 
for  any  time  after  the  ejection.  Graphs  have  been  prepared  which  show  the  decelera- 
tion of  the  pilot  and  ejection  seat  at  a variety  of  speeds.  A report  is  being  pre- 
pared summarizing  the  results  obtained  to  date. 

* * * * 

Wind  Tunnel  Circuit  Resonance  Investigation 
460-50-26  PRIORITY;  2 BST.  COMPLETION:  October  1952 

Restricted  RESPONSIBLE  SCIENTIST;  F.R.  Foote  EXT. ; 23250 
The  purpose  of  this  task  is  to  determine  the  cavity  and  cir- 
cuit resonance  characteristics  of  the  AEDC  propulsion  Wind 
Tunnel  according  to  dimensions  of  preliminary  design. 

TO  DATE:  A survey  of  available  reports  on  tunnel  pulsations  and  resonance 

was  made  and  summarized  in  written  reports.  Study  was  made  of  pulsations  in  in- 
compressible non-viscous  fluid  for  the  purpose  of  determining  whether  total-head 
pickups  or  static  pressure  orficies  are  best  for  recording  pressure  variations  at 
various  frequencies.  The  Brown  University  report  which,  seemingly,  started  concern 
over  the  AEDC  propulsion  tunnel  by  predicting  tunnel  instability  under  certain 
conditions,  was  studied  carefully.  This  theory  is  incomplete  for  Mach  number  one 
and  various  corrections  and  improvements  were  proposed  and  tried  in  order  to  make 
the  theory  applicable  here.  So  far,  none  seems  correct,  and  predictions  of  the 
theory  are  not  borne  out  for  the  NACA  large  transonic  tunnels,  nor  for  the  Wright 
Field  10-foot  transonic  tunnel.  Other  experimental  test;  of  the  theory  has  not  been 
made  because  of  the  short  time  available. 
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The  hypothesis  was  made  that-  tunnel  length  is  the  fundamental 
wave  length  for  true  circuit  resonance  and  that  the  corresponding  fundamental 
resonance  frequency  would  be  the  time  required  for  a pressure  pulse  to  make  one 
circuit.  A theoretical  analysis  was  made  which  predicts  the  time  required.  In 
cooperation  with  the  Wind  Tunnel  Branch,  an  experimental  apparatus  was  built  by 
the  FRL  Technical  Services  Branch,  consisting  chiefly  of  a streamlined  pressure 
tank  which  was  closed  at  one  end  by  several  thicknesses  of  rubberized  nylon.  The 
diaphragms  were  burst  by  compressed  air  and  measurements  of  the  pressure  results 
vere  taken  at  four  points  around  the  10-foot  tunnel,  both  at  zero  speed  and  at 
several  running  speeds.  The  photographic  records  are  being  studied  and  results 
are  being  checked  against  the  theory. 

* # #•  * 

Statistical  Analysis  of  Breaking  Strengths  of  Materials 
460-51-4  PRIORITY:  2 EST.  COMPLETION:  Continuing 

Unclassified  RESPONSIBLE  SCIENTIST:  Paul  R.  Rider  EXT.:  23250 

The  purpose  of  this  task  is  to  apply  new  methods  of  statistical 
analysis  to  data  on  fatigue  of  propeller  flash  welds,  and  in 
general,  to  improve  the  statistical  methods  for  analyzing  data 
on  the  breaking  strength  of  materials.  (It  is  expected  that 
this  experiment  will  result  in  the  improvement  of  the  strength 
of  flash  welds . ) 

Experiments  in  flash  weld  testing  were  performed  and  the  data 
analyzed  according  to  classical  methods.  Application  of  Dr.  Gumbel's  extreme  value 
theory  was  applied.  A Memorandum  Report  on  the  application  of  the  extreme  value 
theory  to  the  problems  of  breaking  strength  of  materials  has  been  prepared  by  the 
Flight  Research  Laboratory  personnel.  Laboratory  tests  are  being  conducted  to  de- 
termine the  optimum  combination  of  current  density,  length  of  time  of  weld,  and 
final  upset  pressure. 

Dr.  Irving  Burr  and  Dr.  Carl  Kossack  of  Purdue  University 
visited  the  Flight  Research  Laboratory  on  2 June  1952  to  discuss  a proposal  -for 
research  on  this  project.  The  representatives  of  Purdue  University  conferred  with 
representatives  of  the  Propeller  and  Materials  Laboratory  as  well  as  representa- 
tives of  the  Flight  Research  Laboratory.  An  attempt  is  being  made  to  integrate 
the  engineering  and  statistical  aspects  of  the  problem. 
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Statistical  Analysis  of  Food  Preference  and  Acceptability  of  the 
IF-4  Combat  Ration 

460-51-6  PRIORITY:  2 EST.  COMPLETION:  March  1952 
Unclassified  RESPONSIBLE  SCIENTIST:  Lt  Mentzer  EXT. : 23250 

None.  Work  is  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  analyze  questionnaire  data  and 
provide  information  indicative  of  the  preference  and  accepta- 
bility of  the  present  IF-4  Combat  Ration.  (These  results  will 
furnish  information  for  use  in  the  preparation  of  future  in- 
flight combat  rations.) 


TO  DATE:  Preliminary  statistical  assistance  in  the  preparation  of  a food 

preference  questionnaire  used  in  this  experimentation  has  been  completed.  Prob- 
lems concerning  sampling  procedure  and  statistical  validity  of  results  have  been 
solved.  Questionnaires  have  been  sent  to  seven  Air  Bases  and  scant  returns  have 
been  received.  A statistical  analysis  and  interpretation  of  questionnaire  results 

as  to  food  preference  are  being  performed. 


# * •»  * 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


Nutrients  of  Survival  Rations 

460-51-8  PRIORITY:  2 EST.  COMPLETION:  April  1953 

Unclassified  RESPONSIBLE  SCIENTIST:  Mary  D.  Lum  EXT.:  23250 

None.  Work  is  being  done  by  WADC. 

The  purpose  of  this  task  is  to  evaluate  the  combination  of  nu- 
trients which  will  give  optimum  chances  for  survival  under  all 
climatic  conditions.  This  study  is  to  provide  the  necessary 
information  for  devising  nutritional  requirements  for  an  all- 
climatic,  global,  all-purnose  ration. 


TO  DATE:  A satisfactory  statistical  "design"  of  an  experimental  plan 

has  been  formulated  for  testing  the  effects  of  four  types  of  diets  on  Air  Force 
personnel  under  different  conditions  of  caloric  intake,  exercise,  and  water  intake. 


WADC. 


Data  is  presently  being  collected  by  the  Aero-Medical  Laboratory, 


* * * # 

TITLE:  Techniques  of  Visual  Reconnaissance 

TASK  NO. : 460-51-13  PRIORITY:  2 EST.  COMPLETION:  July  1952 

SECURITY:  Unclassified  RESPONSIBLE  SCIENTIST:  Mary  D.  Lum  EXT.:  23250 

PRIME  CONTRACTOR:'  None,  Work  being  accomplished  at  WADC. 

PURPOSE:  , The  purpose  of  this  task  is  to  evaluate  NDRC  Report,  Vol,  2B 

and  make  suggestions  as  to  appropriate  research  in  reducing 
the  statistical  information  on  visual  reconnaissance  to  prac- 
tical methods  of  procedure. 
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RESTRICTED 


TO  DATE:  The  statistical  content  of  NDRC  Report,  Vol.  2B,  Chapters  I-IV 

was  evaluated.  There  appeared  to  be  definite  practical  applications  for  the  sta- 
tistical information  set  forth  on  visual  reconnaissance.  Efforts  are  being  made  to 
conduct  a full  time,  intensive  research  on  the  conversion  of  the  general  statistical 
information  on  visual  reconnaissance  into  practical  methods  of  procedures  and  actual 
operational  directives. 

A statistical  investigation  is  being  made  of  the  optimum  paths 
to  be  photographed  for  reconnaissance  over  a four  mile  by  eight  mile  arch. 

* * * * 

Estimation  of  Parameters  in  Stochastic  Processes 
460-51-17  PRIORITY ; 2 EST.  COMPLETION:  February  1953 

Unclassified  RESPONSIBLE  SCIENTIST;  P.R.  Rider  EXT.:  28206 

Dr.  Henry  B.  Mann 

The  purpose  of  this  task  is  to  advance  the  theory  and  the  tech- 
niques of  estimation  of  parameters  of  stochastic  processes  which 
will  be  valuable  in  analyzing  tracking  errors;  analysis  of  certain 
nuclear  phenomena,  possibly  in  armor  plate  penetration;  and  va- 
rious other  applications. 

Contract" has  been  negotiated.  Dr.  Mann  visited  the  Flight 
Research  Laboratory  on  28  May  1952  to  further  discuss  the  problem. 

* * * * 

Statistical  Analysis  of  Ranked  Data 

460-51-18  PRIORITY:  2 EST.  COMPLETION:  January  1953 

Unclassified  RESPONSIBLE  SCIENTIST:  P.R.  Rider  EXT. : 28206 

None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  project  is;;  to  provide  a manual  for  use  in 
handling  statistical  data  arranged  according  to  rank. 

TO  DATE:  A draft  of  an  appropriate  Technical  Report  has  been  completed. 

The  report  is  in  the  process  of  being  published. 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE 1 


TO  DATE: 
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TITLE  t 
TASK  NO, r 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


A Study  of  Poisson  Samples  with  Some  Data  Missing 
460-51-19  PRIORITY:  2 EST.  COMPLETION:  October  1952 
Unclassified  RESPONSIBLE  SCIENTIST:  P.R.  Rider  EXT. : 2S206 
None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  project  is  to  investigate  truncated  and 
fragmentary  Poisson  distributions. 


TO  DATE: 


The  work  of  G.  U.  Yule  on  the  subject  is  being  investigated. 


* * * * 
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TITLE:  Computation  Services,  National  Bureau  of  Standards 

TASK  NO.:  468-1-1  PRIORITY:  2 EST.  COMPLETION:  Continuing 

SECURITY:  Unclassified  RESPONSIBLE  SCIENTIST:  Maj  Johnston  EXT.:  28235 

PRIME  CONTRACTOR:  National  Bureau  of  Standards 

PURPOSE:  The  purpose  of  this  task  is  to  make  available  the  expert  com- 

puting and  consulting  services  of  the  Institute  for  Numerical 
Analysis,  National  Bureau  of  Standards  for  the  Air  Research  and 
Development  Conmand  and  USAF  contractors,  especially  those  on 
the  west  coast. 

TO  DATE:  The  large  scale  digital  computer,  SWAC,  is  now  solving  problems 

approximately  twenty-five  hours  a week.  The  work  on  the  Williams  Tube  memory  is 
continuing  and  the  results  have  been  very  satisfactory. 

The  solution  of  many  Air  Force  problems  is  being  accomplished 
with  the  IBM  equipment  as  well  as  the  SWAC. 

* * * * 

Mark  I and  Mark  IV  Operations  at  Harvard 
468-1-2  PRIORITY:  2 EST.  COMPLETION:  Continuing 

Unclassified  RESPONSIBLE  SCIENTIST:'  Maj  Johnston  EXT:  28235 
Harvard  Computation  Laboratory,  Harvard  University 
The  purpose  of  this  task  is  to  enable  the  ARDC  and  AF  contrac- 
tors to  obtain  numerical  solutions  to  various  research  and  en- 
gineering problems  that  would  not  be  considered  solvable  by 
other  means  or  prohibitively  expensive. 

TO  DATE:  Mark  I is  in  operation  24  hours  a day,  five  days  a week,  solving 

Air  Force  problems.  Mark  IV  is  assembled  and  in  the  final  *1dc-bugging"  stage  and 
should  be  operating  in  the  near  future. 

Additional  funds  have  been  applied  to  this  contract  to  be  used 
for  the  operation  of  Mark  I and  Mark  IV  and  also  to  conduct  research  and  development 
on  computer  components  and  techniques. 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


* * * * 


TITLE: 
TASK  NO. t 

SECURES* 


Computation  Section  Operation,  Flight  Research  Laboratory 
468-1-3  PRIORITY:  1C  EST.  COMPLETION:  Continuing 

Unclassified  RESPONSIBLE  SCIENTIST:  E.  P.  Little  EXT:  28235 
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Project  No.  468-1-3  (Cont) 


PRIME  CONTRACTOR;  None.  Work  is  being  accomplished  at  WADC . 

PURPOSE:  This  task  is  concerned  with  the  operation  of  the  Analogue,  IBM 

and  OARAC  Units  of  the  Computation  Research  Section,  Fligit 
Research  Laboratory  in  solving  mathematical  problems  for  the 
Air  Force  and  its  contractors. 

TO  DATE:  ~ The  Computation  Research  Section  has  moved  to  Bay  II,  Building 

57  where  Analogue  and  IBM  equipment  is  in  operation.  Three  HEACs  and  three  3BK 
CPC's  are  presently  being  used.  The  OARAC  has  not  yet  been  delivered.  A Tele- 
cordex  now  available  in  the  IBM  Unit,  but  the  Teleplotter  was  damaged  in  ship- 
ment and  had  to  be  returned.  Topical  problems  on  the  Analogue  equipment  have  in- 
cluded (1)  Flutter  Analysis  for  F51F  - Aircraft  Laboratory;  (2)  Line  of  Sight 
Control  System  for  T-55  — Aircraft  Laboratory;  (3)  Lateral  Stability  in  Response 
Study  MH55T  - Consolidated  Aircraft  and  (4)  Aircraft  Response  to  Air  Blast  Loads  — 
M.I.T.  Problems  on  the  IBM  equipment  have  included  (1)  Transonic  Flow  Past  a Wedge 

Aircraft  Laboratory;  (2)  Table  for  Project  Daisy  Mae  - Photo  Lab;  (3)  Bomb  Trajec- 
tory for  LABS  - Armament  Laboratory. 

* * * * 

Computation  Research 

468-1-5  PRIORITY:  1C  EST.  COMPLETION:  July  1953 

Unclassified  RESPONSIBLE  SCIENTIST:  Maj  Johnston  EXT:  28235 

Massachusetts  Institute  of  Technology 

The  purpose  of  this  task  is  to  extend  the  capabilities  of  ex- 
isting computing  equipment. 

TO  DATE:  This  contract  has  recently  been  negotiated.  No  progress  reports 

have  been  received. 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


* * * * 

TITLE:  Computer  Research,  Ordnance  Corporation 

TASK  NO. : 468-2-1  PRIORITY:  1C  EST.  COMPLETION:  Continuing 

SECURITY:  Unclassified  RESPONSIBLE  SCIENTIST:  E.P.  Little  EXT:  28235 

PRIME  CONTRACTOR:  Institute  for  Advanced  Study,  Princeton  University 

PURPOSE:  The  purpose  of  this  task  is  to  design  and  develop  an  electronic 

digital  computer  for  ease  of  mathematical  coding  and  to  discover 
improved  mathematical  techniques  for  use  with  such  computers 
in  order  to  solve  more  efficiently  some  of  the  scientific  and 
engineering  problems  of  interest  to  the  USAF. 
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TO  DATS:  This  is  a joint  Array,  Navy,  ABC,  and  USAF  project.  Progress 

reports  have  been  received  which  outline  the  work  being  performed  on  the  design 
and  construction  of  a computer  that  has  been  built  and  will  be  retained  in  the 
Institute  for  Advanced  Study,  Princeton,  New  Jersey. 

The  computer  is  now  in  limited  operation,  but  the  error  rate  is 
still  relatively  high;  furthermore,  the  input-output  equipment  is  in  a rudimentary 
stage.  Additional  funds  were  supplied  for  the  continued  support  of  this  project  by 
Air  Research  and  Development  Conmand. 


* * * * 

Research  and  Construction,  Polynomial  Plotter 
468-2-2  PRIORITY ; 2 EST.  COMPLETION:  Continuing 

Unclassified  RESPONSIBLE  SCIENTIST:  L.M.  Warshawsky  EXT:  28235 
Reeves  Instrument  Corp. 

The  purpose  of  this  task  is  to  develop  a special  purpose  machine 
specially  adapted  for  rapid  solution  of  polynomial  type  problems 
frequently  arising  in  engineering  problems. 

TO  DATE:  Tests  of  the  device  have  shown  definite  inadequacies  of  design, 

especially  in  the  demodulation  circuit,  isolation  amplifiers  and  the  reference 
signal  generator.  These  conditions  are  being  rectified  by  personnel  of  the 
Computation  Research  Section. 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


The  contract  costs  were  somewhat  greater  than  the  allowed  fig- 
ures, due  to  rising  costs  of  material  and  personnel.  An  application  for  an  over- 
run has  been  made. 


* * * * 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


Digital  Computer,  National  Bureau  of  Standards 
468-2-3  PRIORITY : 1C  EST.  COMPLETION:  December  1952 

Unclassified  RESPONSIBLE  SCIENTIST:  Maj  Butsch  EXT:  28235 

National  Bureau  of  Standards 

The  purpose  of  this  task  is  to  procure  a suitable  high  speed 
electronic  digital  computer  to  be  used  in  the  Flight  Research 
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Laboratory  for  the  solution  of  engineering  problems  encountered 
by  the  AHDC  and  its  contractors. 

TO  DATS:  All  parts  of  the  machine  have  been  received.  The  drum  has  been 

coated  with  magnetic  oxide  and  all  read-record  heads  have  been  installed.  It  was 
found  that  extra  cooling  was  required  to  dissipate  the  heat  created  by  the  drive 
motor.  Without  the  extra  cooling,  the  thermal  expansion  of  the  drum  assembly  be- 
came excessive.  The  assembly  has  been  operated  with  auxiliary  cooling  added  and 
found  to  operate  satisfactorily. 

The  main  portion  of  the  computer  has  been  operating  erratically 
during  the  last  ninety  days  due  to  the  excessive  failures,  (because  of  the  hot 
humid  weather)  of  the  germanium  crystal  diodes.  An  air  conditioning  unit  has  been 
ordered  by  General  Electric  so  that  the  computer  may  be  operated  within  a tolerable 
range  of  the  germanium  diodes.  During  the  winter  months  diode  failure  were  prac- 
tically negligible. 


Difficulties  have  been  experienced  with  the  12EH7  vacuum  tubes 
used  in  the  OARAC.  As  a result,  a program  has  been  initiated  to  replace  these 
tubes  if  possible  with  a more  suitable  electronic  tube. 

A general  detailed  inspection  of  all  of  the  component  turrets 
has  been  initiated  and  is  expected  to  last  until  mid  August.  The  purpose  of  this 
inspection  is  to  replace  all  doubtful  diodes  and  examine  all  electronic  components 
in  the  turrets. 


It  is  expected  that  the  input-output  mechanisms  will  be  in 
ope  ration  in  August  1952.  At  that  time  problems  may  be  prepared  and  coded  on 
magnetic  tapes  for  use  when  OARAC  is  in  satisfactory  operation. 

* * * * 

TITLE; 

TASK  NO.: 

SECURITY ; 

PRIME  CONTRACTOR: 

PURPOSE: 


Investigate  Barium  Titanate  Electrostatic  Storage 
468-2-4  PRIORITY:  2 EST.  COMPLETION:  July  1953 
Unclassified  RESPONSIBLE  SCIENTIST:  Capt  Mahler  EXT:  28235 
Catholic  University,  Washington,  D.C. 

The  purpose  of  this  task  is  to  determine  the  usefulness  of  barium 
titanate  material  for  memory  devices  in  large  scale  digital 
computer's. 


* 
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Project  No.  468-2-4  (Cont) 


TO  DATE;  Progress  report  number  one  was  received  from  Catholic  University 

of  America,  during  June  1952.  In  order  to  study  the  details  of  developments  and 
future  plans,  the  contractor  was  visited.  He  has  made  a quartan  counter  using 
barium  titanate  capacitors  as  storage  elements.  He  plans  to  pulse  the  counter  with 
a transistor  circuit.  Transistors  for  which,will  be  supplied  by  the  Computation 
Research  Branch. 


The  contractor  also  plans  to  use  thin  slabs  of  barium  titanate 
ceramic  as  large  scale  electrostatic  storage  mosaics.  The  active  elements  of  such 
a mosaic  are  the  crystals  of  pure  barium  titanate  naturally  imbedded  in  the  ceramic 
The  contractor  is  now  obtaining  statistics  on  variance  of  charge  density  that  can 
be  stored  over  the  surface  of  a slab.  He  is  also  attempting  to  manufacture  barium 
titanate  ceramic  slabs  that  have  the  pure  crystals  in  an  orderly  pattern  with  re- 
spect to  location  and  orientation. 

* * * * 

REAC  Solution  of  Linear  Algebraic  Systems 
468-2-5  PRIORITY:  2 EST.  COMPLETION : July  1953 
Unclassified  RESPONSIBLE  SCIENTIST:  W.  Braun  EXT.:  28235 
None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  increase  the  utility  of  the 
Reeves  Electronic  Analogue  Computer. 

TO  DATE:  An  auxiliary  board  of  potentiometers  has  been  built  which  will 

facilitate  the  application  of  the  REAC  to  the  solution  of  linear  algebraic  systems. 
This  component  is  presently  undergoing  tests. 

This  computational  device  (to  be  used  in  conjunction  with  the 
REAC)  has  been  subjected  to  preliminary  tests.  These  tests  have  produced  favorable 
results  in  obtaining  the  roots  of  linear  algebraic  systems  up  to  and  including  a 
10  x 10  system.  The  tests  have  also  indicated  the  need  of  a better  method  of 
calibrating  coefficients.  A refinement  of  the  original  method  has  been  devised 
and  the  necessary  instrumentation  is  being  completed.  Final  tests  of  this  model 
are  contemplated  in  the  near  future. 

Due  to  the  use  of  1%  input  resistors  in  the  summing  amplifiers, 
setting  potentiometers  by  the  usual  method  was  inaccurate.  The  inaccuracy  of  the 
input  resistors  was  compensated  for  by  measuring  voltages  at  the  outputs  of  the 
amplifiers.  The  rewiring  necessary  to  permit  the  use  of  the  potentiometers  as 
extras  on  the  REAC  has  been  completed  and  checked. 

* * # * 


TITLE: 
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PRIME  CONTRACTOR: 
PURPOSE: 
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TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE:  ~ 


Multiplex  Multiplier 

468-2-7  ; PRIORITY:  2 EST.  COMPLETION:  July  1953 

Unclassified  RESPONSIBLE  SCIENTIST:  Capt  Haneman  EXT:  28235 
Engineering  Research  Institute,  University  of  Michigan 
The  purpose  of  this  task  is  to  develop  an  improved  multiplying 
device  for  electronic  differential  analyzers  which  will  supplant 
the  servos  presently  used. 


TO  DATE:  Difficulties  in  pursuing  the  plan  of  development  have  led  to 

the  abandonment  of  this  program.  The  presently  accrued  knowledge  will  be  sum- 
marized in  a final  report  and  the  useful  components  of  the  equipment  will  be 
turned  over  to  the  Flight  Research  Laboratory. 


* * * * 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


War  Lames  Computer 

468-2-8  PRIORITY;  2 EST.  COMPLETION:  Continuing 

Confidential  RESPONSIBLE  SCIENTIST:  Capt  Mahler  EXT:  28235 

Alabama  Polytechnic  Institute 

The  purpose  of  this  task  is  to  make  available  a device  for  the 
quantitative  and  objective  evaluation  of  different  strategies 
for  the  conduct  of  a major  air  war  in  the  defense  of  the  United 
States . 


TO  DATE:  Maj  William  D.  Jones  of  USAFIT  and  the  project  monitor  visited 

Alabama  Institute  to  review  the  progress  of  this  project.  Completion  of  the  ini- 
tial version  of  the  computer  is  expected  by  15  September  1952  when  a systematic 
series  of  games  will  be  played.  Recently,  an  interesting  feature  has  been  added; 
it  is  called  a matrix  used  to  simulate  duels  between  attacking  bombers  and  de- 
fending fighters.  The  matrix  develops  loss  of  both  fighters  and  bombers  as  a re- 
sult of  those  engagements. 


* * * * 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


Numerical  Studies  of  Navier  Stokes  Equations 
468-2-9  PRIORITY:  2 EST.  COMPLETION:  Continuing 

Unclassified  RESPONSIBLE  SCIENTIST:  Maj  Johnston  EXT:  28235 

National  Bureau  of  Standards 

The  purpose  of  this  task  is  to  provide  aerodynamicists  with 
theoretically  exact  solutions  to  the  basic  equations  of  fluid 
dynamics  for  comparison  with  simplified  analysis  and  with 
experiments. 
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Project  No.  468-2-9  (Cont) 


TO  DATE:  The  work  on  this  project  did  not  begin  until  November  19 51,  and 

therefore  will  continue  until  November  1952.  Ibis  results  from  the  fact  that 
Dr.  Henrlci,  the  principal  investigator,  did  not  arrive  in  this  country  until 
November  1951*  Che  progress  report  Was  received  in  March  and  was  commented  on 
favorably. 

* * * * 

Numerical  Studies  of  Compressible  Flow  Equations 
468-2-10  PRIORITY:  2 EST.  COMPLETION:  October  1953 

Unclassified  RESPONSIBLE  SCIENTIST;  Maj  Johnston  EXT:  28235 
National  Bureau  of  Standards 

The  purpose  of  this  supplement  is  to  investigate  the  applicability 
of  Bergman's  method  of  orthogonal  functions  and  Kemol  functions 
for  the  determination  of  non-viscous  adiabatic  compressible  sub- 
sonic flow  in  two  dimensions  by  means  of  high  speed  automatic 
computing  machines. 

TO  DATE:  Additional  funds  will  be  applied  to  this  contract.  The  latest 

progress  report  has  not  yet  been  received. 

•*•*** 

Automatic  Reduction  of  Wind  Tunnel  Data 
468-2-11  PRIORITY > 2 EST.  COMPLETION:  July  1953 

Unclassifed  RESPONSIBLE  SCIENTIST:  Capt  V.  Haneman  EXT:  28235 

Unitersity  of  Michigan 

The  purpose  of  this  project  is  to  eliminate  the  present  costly 
time  consuming,  process  of  manual  reduction  of  wind  tunnel  by 
the  fabrication  of  an  automatic  computer. 

TO  DATE:  The  formal  contract  expired  on  30  June  1952  and  the  personnel  at 

the  University  are  in  the  process  of  writing  a final  report.  The  equipment  has  been 
constructed  and  is  in  the  process  of  being  "de-bugged"  in  the  laboratory. 

It  is  anticipated  that  the  completed  project  will  be  evaluated 
on  the  two  foot  tunnel  of  the  Wind  Tunnel  Laboratory.  Plans  for  this  operation  are 
now  being  formulated.  A technical  paper  is  being  prepared  to  present  to. the  Auto- 
matic Data  Reduction  Symposium,  Institute  of  Radio  Engineers  in  late  August.  This 
paper  will  present  the  fundamental  ideas  of  the  unit  and  the  laboratory  measured 
accuracies  of  the  system. 
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TITLE: 

TASK  NO. ? 

SECURITY: 

PftBfc  CONTRACTOR: 

PURPOSE: 


Williams  Tube  Research 

468-2-12  PRIOPJTT:  2 EST.  COMPLETION:  Continuing 

Unclassified  RESPONSIBLE  SCIENTIST:  Capt  J.  Smith  EXT:  28235 
National  Bureau  of  Standards 

The  purpose  of  this  supplement  is  to  provide  a satisfactory,  re- 
liable Williams  storage  tube  to  be  utilized  in  many  large  scale 
calculators  supported  by  the  Air  Force. 


TO  DATE:  National  Bureau  of  Standards  has  contracted  for  the  modification 

of  eighteen  3"  experimental  tubes.  It  is  hoped  that  these  modifications  will  re- 
sult in  surfaces  with  fewer  blemishes.  No  quantitative  data  are  available  on  these 
tubes  at  this  time,  hence  comments  on  the  foregoing  must  await  more  detailed  study 
and  experimentation. 

The  Vacuum  Tube  Products  Company,  California  is  conducting  elec- 
tron gun  research  sponsored  by  National  Bureau  of  Standards. 


National  Bureau  of  Standards  personnel  are  preparing  an  interim 
report  on  the  project  at  this  time,  the  regular  progress  report  to  be  forwarded*  on 
30  September  1952. 


* * * * 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


Photoelectric  Analogue  Computer 

468-2-13  PRIORITY:  2 EST.  COMPLETION:  June  1954 

RM«r.  RESPONSIBLE  SCIENTIST':  W.  Braun  EXT.:  33257 
Not  available 

The  purpose  of  this  project  is  to  develop  a photoelectric  analogue 
computer  that  shall  be  an  aid  in  finding  the  most  effective  ground 
zero  in  attacking  extensive  target  areas  by  a limited  number  of 
weapons  and  similar  problems  arising  in  the  tactical  evaluation 
of  aerial  photographs. 


TO  DATE:  A simplified  version  of  the  computer  has  been  designed  and  will 
be  sent  out  for  bids  on  its  construction.  The  sum  of  $90,000  will  be  transferred 
to  Flight  Research  Laboratory  to  support  the  construction  of  this  original  model. 

* # * * 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


Barium  Titanate  High  Speed  Recorder 

468-2-14  PRIORITY:  2 EST.  COMPLETION:  November  1952 

Unclassified  RESPONSIBLE  SCIENTIST:  Capt  J.  Mahler  EXT:  28235 

American  Chronoscope  Corporation 

The  purpose  of  this  project  is  to  determine  the  feasibility  of 
using  piezo-electric  barium  titanate  elements  as  recording  stylii 
in  a high  speed  rocordor. 


RESTRICTED 
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Project  No.  468-2-14  (Cont) 


■■  : >»-  fW  Ve  Vy  ’ ■ 


RESTRICTED 


TO  DATE:  A single  16  pencil  record  channel  has  been  designed.  It  contains 

four  basic  components  (1)  an  amplifier,  (2)  a switching  device,  (3)  a pencil  ex- 
citation drive,  and  (4)  a paper  drive.  A diode  selector  is  also  being  constructed. 

Auto  Correlation  Computer 

468-2-15  PRIORITY;  2 EST.  COMPLETION:  August  1953 

Unclassified^  -RESPONSIBLE  SCIENTIST;  Capt  Haneman  EXT. : 28235 
None.  Work  being  accomplished  at  WADC. 

Ihe  purpose  of  this  project  is  to  provide  funds  to  investigate 
the  field  of  computation  involved  in  autocorrelation  functions 
and  to  sponsor  and  encourage  the  study  of  such  aspects  of  the 
field  that  seem  profitable. 

TO  DATE:  Purchase  requests  are  being  initiated  to  obtain  equipment  for  the 

construction  of  an  autocorrelation  computer  to  be  assembled,  tested  and  used  in  the 
computer  research  section. 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


* * * * 


TITLE: 

TASK  HO. : 
SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


Angular  Position  Digitizer 

468-2-16  PRIORITY:  2 EST.  COMPLETION:  January  1954 

Unclassified  RESPONSIBLE  SCIENTIST:  Dr  E.P.  Little  EXT.:  28235 
Broadview  Research  and  Developmeht,  Burlingame,  California 
The  purpose  of  this  project  is  to  design  and  develop  an  angular 
position  digitizer  of  high  accuracy,  rapid  response,  and  great 
reliability  to  provide  binary  signals  for  shaft  rotation. 


TO  DATE: 


Contract  is  being  negotiated. 


* * * * 


it 
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RESTRICTED 


RESTRICTED 


MECHANICS  RESEARCH  BRANCH 


The  Mechanics  Research  Branch  is  nsponsible  for  applied  research  in 
the  field  of  mechanics,  the  major  fields  being  research  in  automatic  con- 
trol of  modem  aircraft  and  guided  missiles , structures  research,  research 
in  vibration  and  stability,  and  research  in  magnetism,  and  nagnetic  equip- 
ment. 


RESTRICTED 


RESTRICTED 


urnniunin sis  same? 


landing  gear  dhiwy  (vibration) 

has  boon  an  vnr’|E@ssttt.  problem  - on  aircraft  for  naiy  years*  Before  the  vide 
nae  of  the  tricycle  landing  gear,  severe  vibrations  pera  excited  by  Ha  tell 
vheel*  In  either  case,  tbs  results  ware  intolerable*  At  the  outbreak  of  che 
Serosa  crisis,  shiny  ms  present  in  several  aircraft*  In  am  instance,  fflriny  . 
destroyed  an  eaqperlaegtial  beeber*  - Because  of  the  increasing  Jtagasnoy  of  tMmy, 
the  Aircraft  Laboratory  brought  the  problem  to  tha  Plight Besssroh  Lsboratary 
to  azOlfltt  its  help* 

The  problsas  was  approached  in  a rational  Banner#  first  of  all,  the  Mechanics 
Bssearch  Branch  contracted  Professor  J.  P.  DenSartbg  to  serve  la  a eon  salting  ca- 
pacity* Professor  DraHartog,  slang  vith  V»  J.  Msrelaad  of  the  Plight  Bssasreh 
T.iv,r*t“Tj  'I'fl"...-4  «M«*a**  ^ ■"ifftfoff  oases  of  ■--• 

etsiasy  and  tbs  naans  used  to  correct  them*  - AH  of  indnstry  vaa  very  fesiliar 
with  this  problem  and  has  atteapted  to  correct  it  by  the  application  of  trial 
sod  error  methods*  In  the  BBanthee,  Aircraft  Laboratory  contracted  fftdsest  Be- 
search  to  make  a comprehensive  search  of  the  literature  for  past  verfc  dons  on  ^ 
the  prdblara.  The  Oeraans  bad  expended  great  effort  firm  1939  to  19fcb  in  order 
to  overooas  It*  In  addition,  tbs  English,  French,  Basslaca*  and  SICA  bad  dona 
considerable  vork,  bat  in  so  ease  vas  a satisfactory  solution  obtained*  As  a 
result,  several  analytical  analyses  mere  Bade  of  various  systeas  utilising  '<=. 
parameters  that  hadnot  previously 
been  considered*  The  results  vers 
published  in  APIS  6590,  "Landing 
Osar  Vibration",  by  William  J*  Bore- 
land*  Contained  in  tbs  report  are  a 
series  of  dssigi  curves  that  predict 
either  a stable  or  unstable  aircraft. 

This  analysis  by  Professor  Hare- 
land  has  been  praised  throughout  the . 
aircraft  industry#  If  an  airplane 
can  be  provided  for  further  tests, 
it  is  believed  that  the  problem  of 
"landing  gear  shinny"  vill  be  veil 
an  the  vay  to  solution* 
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Bsewch  in  Artificial  Stability  and  Control 
4&-1-2  PBXOBgTt  1-B  B8Tfc  cCBBJraiCBt  28  Mrttiy  1953 
Bwtrlcted  HSSCT8IBLB  flOIgffI3T«  Oapt  P.P.  Ceruul  HJ.t  20217 
Cornell  Aeronautical  Uborttory,  mo. 

Thn/purpose  of  this  task  la  to  <&talh  actual  flight  teat  data  on 
theoptlmum  and  minimum  flyable  longi******!  stability  mod  control 
characteristics  for  fighter  and  bomber  eirplanes,  Ihi*  $ype  of 
information  has  recently  beocas  significant  in  design  with  the 
advent  of  practical  earvcnschsaja—  for  the  addition  of  artificial 
stability  to  airplanes j al*of  this  Information  should  be  useful 
to  those  oharged  with  the  responsibility  for  establishing  handling 
qualities  spssjfioationi.  ° 


ID  JMBBt  Too  airplanes  are  to  ho  used  for  the  evaluation  t one,  a fi-26 

light  boc&srj  the  second,  an  F-94  Jot  fighter*  The  elevators  of  these  airplanes  mill 
be  driven  by  irreversible  hydraulic  serves  in  response  to  control  signals  supplied 
ty  the  plie$  sad  signals  provided  by  artificial  stability  senaere.  The  control 
stick  mill '.be  driven  by  a second  servo  In  response  to  pilot  applied  control  force  in 
a a saner  closely  simulating  the  airplanes  normal  control  forces.  By  adjusting  the 
gains  of  the  various  ohsnnsls  of  'thin  equipment,  the  following  parameters  of  long- 
itudinal stability  and  control  can  be  varied!  pfaygotd  period  and  deeping,  short 
Period  ahd  damping,  static  elevator  to  trim  vs.  Of,  and  g,  and  static  stick  force 
vs.  Cg,  and  g.  The  extremes  of  stability  and  control  that  can  be  easily  simulated 
and  evaluated  could  not  safely  and  edenoadsally  be  obtained  in  any  other  way. 


Theoretical  calculations  for  the  two  test  airplanes  have  been  com- 
pleted* The  design,  construction  and  installation  of  the  control  equipment  and  in- 
strumentation in  the  TB-26  aircraft  is  Just  about  completed.  Flight  tests  of  the 
IB-26  aircraft  should  start  within  approximately  one  month.  Design,  construction 
and  installation  of  the  control  equipment  and  instrumentation  for  the  F-94  aircraft 
has  recently  been  initiated.  Several  interesting  aspects  of  this  task  which  bear 
directly  upon  development  projects  are*  (1)  probisms  of  longitudinal  stability 
characteristics  are  deceasing  acute  in  the  design  of  high  performance  jet  aircraft) 

(2)  determination  of  the  feel  characteristics  that  should  be  incorporated  into  powered 
boost  controls  are  not  presently  available)  (3)  information  on  the  design  and  operation 
of  advanced  type  control  systems  utilised  In  interceptor  aircraft  arc  not  available 
(for  instanoo,  should  the  control  stick  be  mechanically  connected  to  the  elevator 
control  surface?). 


Answers  to  such  questions  as  the  above  and  others® should  be  forth- 
coming fros  this  research  project. 
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TITLE: 

TASKgO.t 

sacuariTi 


PDBPOSS: 


m 


Dynamics  of  Complex  Aeronautical  Systems 

PRIORITY t 2 g3T.  cdffLgnah  July  1952 
Unclassified  HESPQKSiaLg  SCI^T^i  OT^'  Morgeasen,  Jr. 

24159  j 

Consolidated  Tultee  Aircraft  Corporation,  Tort  Worth,  Texas 
The  purpose  of  this  task  is  to  aoooapliah  the  followings 


(1)  Date  mine  adaptability  af  methods  devised  by  M.I.T.  in 
eotmeciiaj  with  Project  MX-755  to  the  analysis  of  the  dynamic 
characteristics  of  large  bombardment  aircraft* 

(2)  Obtain  general  information  on  dynamics  of  complex  ays tens  in 
order  to  obtain  a better  understanding  of  the  requirements 

for  additional  research  on  those  systems,  yf 

(3)  Provide  data  that  will  serve  ae  a basis  for  possible  modification 
of  future  B-36  aircraft  in  order  to  Improve  those  dynaado 
characteristics  which  affect  their  utility  as  bombardment  - 
aircraft*  ° 


TO  DATE:  Instrumentation  procured  for  this  program  was  used  to  correct  E-6 

auto-pilot  difficulties  such  as  Dutch  roll  with  tail  shake  on  B-36B  aircraft.  The 
program  whioh  wae  to  have  been  accomplished  on  a B-36D  aircraft  was  delayed  due  to 
the  necessity  of  accomplishing  an  autopilot  *fixN  on  the  B-368  aircraft.  Instrumen- 
tation for  obtaining  the  dynaado  response  of  the  B-3&D  airplane  was  installed  in  one 
of  those  aircraft.  Autopilot  difficulties  were  encountered  on  the  BDB  model;  those 
difficulties  were  corrected.  A sinusoidal  voltage  generator  was  installed  for  supply- 
ing sinusoidal  signals  to  the  autopilot  so  that  the  response  of  the  aircraft  to 
sinusoidal  inputs  to  the  autopilot  can  be  compared  to  the  response  obtained  from 
Fourier  analysis  of  transient  inputs.  Data  reduction  methods  have  been  perfected 
and  much  data  has  been  reduced. 

Longitudinal  and  lateral  dynamic  response  data  has  been  received 
and  la  being  reviewed  at  the  Flight  RMMpnh  Laboratory.  


TITLE: 

TASK  NO. : 

PRIME  CONTRACTOR: 
PDHFOSEI 


Consultation  Services  on  Dynamics  of  Complex  Systems 

461-1-4  PRIORI  Tit  2 BST.  COMPLETION:  February  1953 

t)nol  as  sifted  j&sftjNSr&B  SCIgfTISTi  O.P.  Horgeneon,  Jr.  m.  24159 

Cornell  Aeronautical  Laboratory 

The  purpose  of  this  task  is  to  expedite  the  analysis  and  evalua- 
tion of  data  accumulated  from  various  studies  and  tests  in  con- 
nection with  USAF  research,  particularly  in  connection  with  the 
analysis  of  the  dynasties  of  complex  systems* 


Project  461-1-4  (Cant) 

TO  DAtSf  Cornell  Aeronautical  Laboratory  speclaliets  hare  assisted  with  the 

dynamic  response  program  on  the  B— 36D  aircraft  , have  made  several  limited  investi- 
gations on  the  phugoid  motion  of  aircraft,  aid  have  done  sobs  preliminary  work  on  the 
control  of  stalled  aircraft.  The  contract  tor  Consulting  services  has  been  extended 
to  February  1953.  The  contractor  has  assisted  the  Applied  Mechanics  Branch  with 
problems  incidental  to  a^noo-linsar  yaw  control  for  fighter  aircraft. 

* #  *  * # 

Oil  Ship  Study 

461-1-6  PRIORITY:  2 E3T.  CQMPLBTKlh  February  1953 
Unclassified  RBSP0KSIHL3  SCiaiTISTi  Paul  B.  Oiee  EXT.:  20217 

Rensselaer  Polytechnic  Institute 

The  purpose  of  this  task  is  to  obtain  information  that  will  permit, 
the  safe  design  of  high  speed  shafts  supported  by  Journal  bearings. 

Any  shaft  supported  by  full  journal  bearings  that  are  film  lubri- 
cated has  an  tipper  critical  speed  which  canno*  be  exceeded.  The  phenomenon  which 
limits  the  shaft  speed  is  called  oil  whip.  The  oil  whip  usually  starts  at  twioe  the 
critical  speed  of  the  shaft,  although  five  times  critical  speed  has  been  attained. 

The  contractor  haa  fabricated  the  test  apparatus  end  completed  the 
test  (xi  the  first  shaft.  Results  to  date  have  been  good.  In  all  cases,  the  eccentri- 
city ratio  was  between  0,53  and  0.63  with  impending  oil  whip, 

A second  rotor  that  will  have  a lower  critical  speed  and  higher 
bearing  loads  has  Just  been  mounted  in  the  test  rig  for  further  testing. 

* * * * 

Investigation  of  Combined  Open  and  Closed  Loop  Automatic  Controls 
461-1-7  PRIORITY:  2 E3T.  COMPl£TIONt  March  1953 
Unclassified  RESPONSIBLE  SCimiST:  Maj  Cohn  L.  Morrison 

EXT. t 20217 

White-Rodgers  Electric  Company 

The  purpose  of  this  task  is  to  conduct  investigations  of  auto- 
matic control  systems  which  involve  a combination  of  open  and 
closed  loop  control  elements. 


TITLE:  

TASK  NO. : 
SECURITY: 

PRIME  CONTRACTOR; 
PURPOSE: 


task 

irarsa 


COHTRACTCSt 


PURPOSE: 


TO  DATS: 


ror 


2 & 


Pfojwt  461-1-7  (Cent) 

TO  DATE  i la  electronic  openaad  Closed  loop  *yst«a  baa  bean  built  according 

■ to  desigporitaria.  nodal  and  otter  experimental models  will  b«  constructed  and 

studied  sxperinentally  and  analysed  nathsegtlcally.  The  contractor  Is  studying  the 
of  a aore  prectioal  orientation  to  the  project.  • 

Several  <«***«  have  teen  sons  sired  for  practical  and  useful  appli- 
cations of  the  principle.  Two  of  the  applications  are  evolved  from  a *tudy  of  a 
precision  electronic  power  amplifier  utilising  open-closed  aycle  prlfcwules.  Papers 
have  been  published  on  th*M  two  applications. 

^ Work  on  the  power  amplifier  has  progressed  to  the  point  wbpre  it 
has  been  demonstrated  as  practical  to  sake  a precision  unit  with  the  use  of  14#  at- 
ficienoy  Class  BB°  amplifier  operating  in  conjunction  with  a low  power  feedback  •:  / • 
amplifier,  the  feedback  anplifier  provides  destructive  interference  for  distortion 
generated  ty  the  power  amplifier  as  well  as  providing  parameter  changing  sig- 
nals* So  far,  there  has  been  experimentation  only  with  gain  changing  circuitry  but 
there  obviously  is  acre  which  can  be  dons  - such  as  phase  connection  to  minimise  tin 
delay  errors  when  tbs  input  is  periodic  or  quasi-periodic. 

The  ssaa  principle  can  be  applied  to  a computing  system  A.C.  power 
supply  if  a quantity  of  “pure0  sins  ware  is  required  for  the  computer,  gyros,  etc. 
Such  a device  would  be  a regulating  system,  which  nay  be  considered  aa  an  automatic 
control  with  oonatant  input. 

Another  application  involving  regulating  action  on  an  A.C.  power 
source  is  a vernier  feedback  adjustment  of  frequency.  Frequency  adjustment  nay  be 
achieved  by  use  of  a frequency  changing-transfOnaer  operated  by  frequency  error 
signal.  A technical  report  entitled,  "Power  System  Frequency  Regulator  for  use  with 
Existing  Aircraft"  has  bean  received  from  the  contractor. 

* * * # 


TITLE * Personal  Service  Contract  of  Professor  J.P.  penHartog 

TASK  NO,  t 461-1-11  PRIORITY*  2 BST.  CMPLETIOM*  March  1953 

SECURITY*  Unclassified  RESPONSIBLE  SCmTTSTf1  W.J.  Moreland  EXT.*  20217 

PRIME  CONTRACTOR*  Processor  J.B.  DsnHartog 

The  purpose  of  this  task  is  to  obtain  the  consultant  services  of 
J.P,  DsnHartog  to  assist  the  Mechanics  Research  Group,  Flight 
Research  Laboratory,  in  the  successful  cosg>letion  of  its  assign- 
ments 0 


PUTOi 


Project  461-1-11  (Cost) 

TO  PABtt  Professor  DenHartog  mi  req&sted  by  Fligjt  Research  Laboratory 

60  f*ke  aneaaa^jals  of  the  problsai  ofshcsk  mounting  of  the  JO  calibre  gun 

to  relieve  the  severe  disturbances  to  the  aotoolted  fire  ccotrolsquipmant*  The 
abode  aens-iting  design  which  resulted  from  this  tinlyile  bee  bees  eemtrwtUil  end 
ftnad  satisfactory,  It  hes  been  dieeowed  fcy ntgxt  Research  Laboratory  penosMl 
that  the  analysis  of  the  30  calibre  gun  le  not  generally  applicable  to  other  types 
of  Machine  gone  cad  farther  work  is  near  underway  to  devise  shook  Mounts  for  other 


* • ' •.  . .. v.,  ■ 

Surrey  Of  Be^ar^mterUl  in  the  Field  of  "Solas' 

^alae^e/^^^Sai&g  SC^T^f^K^Sllegw  SJ.?  28136 
Or.  Jerome  5.  levy  . , ' 

•The  purpose  of  this  task  la  to  (1)  ncepile  ea  Air  Foroe  Report  for 
ewfftfWMwKwg  nee  that  «jii  the  technlquea  of  noise  analysis, 

end  (2)  to  standardise  the  terminology  now  need  in  the  various 
noise  analysis  studies* 

TO  DMgi  A final  report  on  this  task  has  been  received  and  aoospted  as 

satisfactory.  This  projeot  is  being  olosed  out* 

* • • * 

Manual  "Systems  Analysis  of  Aircraft" 

461-1-14  PHKBITIt  2 BBT.  CCMPLBTIOBi  August  1953 
Unclassified  Hg3Pqtaig£  3CXF8TX8Tt  Capt  P.P.  Cemssi  EET.i  20217 
J.  B.  Rea  Company 

The  purpose  of  this  task  is  to  compile  and  publish  a technical 
entitled,  "Systems  Analysis  of  Aircraft". 

Dr.  James  B.  Rsa  recently  visited  the  Flight  Research-Laboratory 
to  discuss  proposed  changes  in  the  technical  content  of  the  book,  as  veil  as  to  sug- 
gest that  the  book  be  prepared  in  tvo  (2)  parts.  Part  1,  entitled,  "Systems"  would 
include  the  technical  presentation  of  those  engineering  phases  which  are  involved  in 
the  systems  design.  Part  2,  entitled,  "Fundamentals"  would  include  those  portions 
of  the  Balances  which  are  required  as  a further  expression  or  explanation  to  support 
Part  lo 

Dr.  Rea  is  also  proposing  to  contract  the  preparation  of  the  various 

chapters  of  this  book  to  authorities  in  technical  fields  in  lieu  of  his  company  pre- 
paring the  complete  manuscript.  These  proposed  changes  are  being  considered  end  formal 

request  for  than  has  not  yet  been  received  from  the  contractor. 
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TO  DATS  i 


Bggg» 


TITLE  t Landing  (tear  Shinny 

TASK  go.  i 461-1-15  PRIORITY  2 5ST.  CCHPIiSTICHi  Continuing 

SaCURITIi  Unclassified  RBSFCRSIBLE  SCIBHTlBTt  Paul  B.  Qiea  BXT.  t 20217 

PBUtB  COSTHACTOBt  Rons,  Work  being  accomplished  at  WADC. 

PUHPO^I  The  purpose  of  this  task  is  to  study  theoretically,  in  the 

laboratory  and  in  the  field,  the  problem  of  airoraft  nose  wheel 
shinny  end  to  detemdne  desigh  oharaeteristioa  so  as  to  minimi ae 
the  destructive  forces  involved. 

TO  DATS i 1 Ihe  landing  gear  shlsay  project  was  initiated  at  the  request  of 

Aircraft  Laboratory.  At  the  tine  the  project  was  initiated,  it  ws  pointed  out  "that 
shissey  vas  being  encountered  in  many  operational  and  experimental  aodels.  One  ex- 
perimental aircraft  waa  destroyed  as  a result  of  shinny. 


As  a first  step,  the  airoraft  industry  was  visited  and  tire  prob- 
lem discussed.  In  all  cases,  the  means  of  eliminating  the  shinny  problem  consisted 
of  trial  and  error  methods.  Ho  satisfactory  analytical  approach  was  avail  able. 

Sines  then,  the  report,  "Landing  Gear  Shinny  n APIS  6590  was  com- 
pleted and  distributed.  This  report  contains  a method  for  determining  the  Hanging 
requirements  in  terms  of  dimensionless  makers  which  contain  the  parameters  of  the 
nose  gear  and  airframe.  Since  the  report  was  published,  additional  analytical 
investigations  have  been  made  and  the  design  curves  in  the  report  have  been  expanded. 

A laboratory  model  has  been  designed  and  is  now  being  fabricated. 
Dm  model  Investigation  will  be  made  to  verify  the  assumptions  in  the  report  and  to 
examine  the  effect  of  parameter  changes  on  stability.  3h  order  to  have  a linear,  con- 
trolable  damper,  the  possibilities  of  an  eddy  current  damper  are  being  investigated. 

At  present,  the  field  investigation  is  limited  to  a taxi  test  on  a 
B-45.  Plane  have  been  completed  and  instruments  calibrated  for  the  installation.  It 
1b  hoped  that  the  test  will  present  a full  picture  of  modes  and  motion  of  the  entire 
aircraft.  Plana  are  being  made  for  conducting  teats  on  other  operational  aircraft 
that  exhibit  ahimsy  in  order  to  analyze  the  airoraft  with  the  theory  contained  in 
AFTR  6590.  ™ 

* « * «• 


ISM* 


3BGURm> 


Investigation  of  the  Bawling  of  Pre-Twisted  Beams 
461-1-16  PRIORITY:  2 EST.  COKPLETICSh  February  1953 
Unclassified  R^KESIBLS  SCISNTI5?  Capt.  B.M.  Rivollo 

KIT. 8 23217 

Massachusetts  Institute  of  Technology 


LUnitfi 


CONHDUfTIAL 


Project  461-1-16  (Ooat) 

£gRPO^»  The  purpose  of  this  task  is  to  dsvalap  a.  theory  for  computing 

the  stresses  sod  deflections  of  a pre- twisted  beam  subjected 
to  bending. 

TO  0AT3t  A study  is  being  cade  of  the  stresses  and  deflections  of  a 

pre-twisted  beaa  of  cruciform  arose  section  subjected  to  pure  bending.  The  cruci- 
form section  was  selected  so  that  the  beaa  would  have  a constant  {foment  of  inertia 
about  any  oentroldsl  cods.  Preliminary  testa  had  indicated  that  the  resulting  de- 
fections exceed  those  computed  by  conventional  beaa  thaory  and  that  the  deviation 
la  a function  of  tha  helix  angle  of  the  pre-twist,  A Stress-Coat  study  has  been  made 
to  detandne  the  stress  distribution  in  ths  beau  The  bean  has  besn  instrumental  . 
with  electrical  resistance  strain  gages  for  more  accurate  stress  determination,  Stress 
data  £so  currently  being  analysed, 

* • * * 

Buckling  of  Flat  Septangular  Panels  Pre  Stressed  by  Initial  Curva- 
ture 

461-1-17  PRIORITY!  2 S3T.  CXmTOOHt  Kay  1953 
Unclassified  SBPCK3IBLB  SCiarnSTt  Capt  H.H.  Rivello 

gg.i  20217 

Hew  York  University 

The  purpose  of  this  task  is  to  oonduot  experimental  and  theoreti- 
cal research  to  determine  the  feasibility  of  increasing  the 
buckling  stress  of  flat-sheet  panels  by  pre-etressink,  to  be 
accomplished  by  elastically  flattening  the  sheet  which  was 
initially  curved  by  rolling. 

Preliminary  testa  have  shown  that  ie  la  possible  to  double  the 
buckling  load  of  a damped  edge  flat  rectangular  panel  by  first  rolling  the  panel 
to  an  initial  curvature  and  then  elastically  flattening  it.  The  measured  buckling 
foads  exceeded  computed  loads,  the  reason  being  that  the  vertical  members  of  the 
panel  clamping  frame  were  picking  up  part  of  the  load  and  relieving  the  stresses  in 
the  panel.  The  damping  frame  is  being  modified  to  correct  this  condition. 

* «•  * a 
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TITLE t 

TASK  HQ. 1 
SECURITY! 

PRIME  CCBTBACTORi 

n* 


TO  DATS! 


TITLE 1 
TASK  NO. 1 • 

SECURITY! 

PRIME  CONTRACTOR! 


Vibration  Isolation  of  Machine  Guns 
461-1-21  PRIORITY!  2 EST.  COMFLETIOMi  March  1953 
Confidential  H3S5FOfr3IBLE  SCiarnSTi  Lt  T.  Sanborn  gXT.i  20217 
Internal 


c 


CONFIDENTIAL 


Project  461-1-21  (Coat) 


PPHPQ8S1 


The  purpose  of  this  project  la  to  develop  ft  theory  of  machine  gm 
vibration  sad  to  suggest  methods  whereby  the  shook  loads  transmitted 
fay  the  gua  to  the  aircraft  structure  say  be  reduced.  It  is  law* 
peratite  that  this  problem  be  solved  because  the  large  oscillatory 
loads  which  are  at  present  transmitted  to  the  aircraft  cause  mal- 
functioning of  the  electronic  fire-control  equipment. 


TO  DATE: 


High-speed  motion  pictures  have  been  made  of  the  7-121  Qua  in 

These  pictures  reveal  the  behavior  of  t he  gua  idien  mounted  on  the  present 

spring  system  and  Indicate  what  mat  be  done  to  insure  proper  operation  of  the  gm 
when  it  is  mounted  on  soft  springs.  ^ 0 

Fran  the  investigation,  the  following  conclusions  have  been  dreamt 

(1)  A measurable  amount  of  damping,  either  viscous  or  coulomb,  is 
necessary  to  bring  the  gm  Into  steady  state  operation. 

(2)  Preload  in  the  mounting  springs  contributes  to  .the  stability 
of  the  gun  and  reduces  the  overall  recoil  distance. 


(3)  Soft  mounting  alters  the  firing  rate.  In  general,  the  fixing 
rate  ia  reduced  by  the  soft  mount  but  on  some  occasions  it  has  been  increased. 

A preliminary  report  has  been  written  on  revolver  type  guns  which 
outlines  the  procedure  for  computing  the  optimum  combination  of  values  of  spring 
rate,  spring  pre-load,  and  damping.  Following  the  .suggestions  of  this  report,  the 
Oldaaobile  Division  of  General  Motors  was  able  to  successfully  soft  mount  a T-121 
gun. 

■»  * * *~  — — - 

Application  of  Nonlinear  Control  to  an  Aircraft  in  Taw 
461-2-1  PRIORITY > 1A  E3T.  CCMPL5TICN:  January  1953 
Confidential  RESPONSIBLE  SCIENTIST  Capt.  P.P.  Cerussi  ]g£X*  26217 
Cornell  Aeronautical  Laboratory 

The  purpose  of  this  task  is  to  investigate  the  application  of 
nonlinear  control  to  the  isgjrovssgnt  of  the  dynamic  lateral 
stability  characteristics  of  an  airplane  by  artificial  means. 


TITLE  t 
TASK  NO. t 


PURPOSE? 
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coauRDemiAi 
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Pro J set  461-2-1  (Cot) 

« Research  investigations  coodacted  under  the  original  contrast, 

12753  hove  been  completed.  APTS  6712  entitled,  "Dynamic  Lateral  Control 
Througi  Ron-Linear  Automatic  Control"  was  prepared  by  Cornell  laboratory  and  coven 
this  phase  of  the  research. 

J ' » f"  ?■;  V-  ♦,  ' 0 . . ■ 

Results  of  the  flight  teste  conducted  under  this  task  indicated  the 
possibility  of  improving  the  dynamic  lateral  stability  of  the  aircraft,  which  in  turn 
ray  possibly  Improve  the  aircraft's  gun  platform  oharecteristioe*  2h  order  to  in- 
vestigate this  possibility  further,  a contract  extension  for  additional  research  work 
covering  the  Installation  of  a non-linear  irtrf«np  oontrol  in  an  F-86B  aircraft  was 
aocraplishad  in  January  1952* 

The  characteristics  of  the  non-linear  draper  will  be  such  that  the 
psreent  critical  doping  in  ths  neighborhood  of  sero  sideslip  will  be  very  high  and 
will  redraw  as  the  raise  of  the  sideslip  angle  is  increased.  The  actuation  of  ths  , 
rtrjdsr  will  be  obtained  by  servo  control  of  the  aircraft's  rudder  trla  tab,  and 
xisans  will  be  provided  to  elininate  undesirable  increases  of  rudder  pedal  foroes  due 
to  the  aotion  of  the  yaw  draper  daring  coordinated  maneuvers  of  the  aircraft. 

. O ' 

Theoretical  and  analogical  investigations  of  this  control  System 
for  the  P-86  have  been  completed  for  extended  flight  conditions,  Ihatallatloa  of 
ths  control  system  is  scheduled  for  completion  15  July  1952  and  flight  teat  will 
start  1 August  1952. 

Vi  * — 

• * • * 

Konlinear  Smoothing  and  Predicting  Filters 
461-2-2  PRIORITY!  2 SST.  COMPLBTICKt  July  1952 
Unclassified  R3SPCE3TBL3  SdSTTISTt  Lt  D.  Flechtner  EXTt  20217 

!TOR*  Unireirsity  of  Notes  Dame  - • -- — _.m-  

The  purpose  of  this  task  is  to  (1)  obtain  information  for  the 
Improvement  of  fire  control  systems,  (2)  formulate  design  criteria 
for  nonlinear  components  useful  in  guidance,  instrumentation  and 
oontrol,  (3)  acquire  basic  information  in  nonlinear  mechanics,  and 
(4)  stimulate  mathematical  research  in  nonlinear  differential 
equations « 


TITLE 1 
TASK  HO. t 
SECURITY 1 
PEEKS  C 
FUHPOQEi 


okiei 
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Project  461-2-5  (Coat) 

PgOB  CCSTB&STOBi  ffijmeapolla  Hpnsyvell  . - - 

POBPOagt  %a  purpose  of  this  teak  is  to  conduct  theoretical  end  «x- 

perlaantal  research  on  the  application  of  nonlinear  analysis 
sod  control  techniques  to  problems  Associated  with  antonatio 
control  syatspse 

• - • ' _ ’ ’ ” i ' ” t * £>  > *'  »-  ° •> 

TO  lUTKt  The  Oalvereity  of  Mlrmeeota,  a subcontractor  to  Minneapolis 

Honeywell,  toe  studied  the  nonlinear  differential  equations  idileh  the  contractor 
has  supplied  as  applicable  to  the  system*  The  type  of  nonlinearity  studies  was 
that,  of  a saturated  amplifier  servo.  Both  analytical  work  and  BB4C  studies  were 
aade  of  the  acceleration  Halting  equations.  Subharaonio  response  vas  examined 
in  both  HEAD  and  analytical  studies.  The  oontraotcr  is  gathering  information 
on  noise  ikon  gusts  and  beans,  when  airplanes  are  on  lnstnmeat  handling  systems* 

It  is  expected  that  this  data  will  aid  in  designing  a prediction  system  wMsfc  ^ 
ean  be  used  to  vary  the  parameters  in  the  system  for  optimum  performance. 

o’-  • ... 

A simulated  saturating  amplifier  servo  has  bean  tested  in  an 
attempt  to  determine  lte  adaptability  for  use  as  6 noise  filter*  T he  following 
quantities  which  affeet  the  operation  ware  considered t serve  damping  ratio  and 
natural  frequency,  signal  frequency  and  sapid tadU; , noise  frequency  and  amplitude, 
and  magnitude  of  saturation  level*  Proa  the  data  obtained.  It  'appears  that  in  a 
filtering  application  the  frequency  and  amplitude  of  the  signal  may  be  neglected 
except  for  tbs  relation  between  signal  frequency  and  servo  natural  frequency  which 
determine  the  phase  shift  without  noise.  Servo  damping  ratio  should  apparently 
be  one  or  less  to  provide  sharp  cutoff.  The  noise  frequency  is  only  or  minor  ia- 
portancs  and  then  only  for  large  noise  amplitudes}  of  course,  the  frequency  of 
noise  must  be  above  the  band  of  signal  frequencies  to  be  filterable.  It  has  been 
found  that  signal  output  increases  with,  the  increase  of  noise  amplitude  and  that 
noise  output  remains  practically  constant  for  a fixed  saturation  level  no  matter 
how  high  the  noise  input  la  increased.  This  system  thus  appears  to  have  a noise 
attenuation  which  increases  with  the  increase  of  noise  in  the  input.  Considerable 
attenuation  may  be  accomplished  with  only  a slight  increase  In  signal  phase  lag* 

It  is  believed  that  tills  phase  lag  and  difficulties  with  large  transient  responses, 
etc.,  nay  be  accomodated  since  the  saturating  amplifier  serve  senses  noise  in  ad- 
dition to  filtering  it.  The  error  voltage  is  determined  almost  solely  by  the  noise 
present  and  this  error  voltage  may  be  used  to  control  the  saturation  level.  This 
system  has  been  tried  briefly  and  appears  to  have  considerable  merit. 

The  laborious  computations  associated  with  the  general  phase- 
space  approach  to  the  saturating  amplifier  servo  are  progressing  toward  completion. 
The  work  has  been  simplified  by  determining  that  sosae  of  the  computations  originally 
planned  can  be  eliminated  without  seriously  affecting  the  results 0 It  has  been  shown 
that  the  trajectories  which  represent  the  solutions  all  enter  a certain  central  regiot 
and  never  leave  it.  Computations  may  be  limited  to  a determination  of  the  iteration 
surfaces  in  this  central  region. 


nnr 
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Project  461-5-5  (Cost) 


■ Mom  beam  noise  date  here  bee&  obtel&ed.  Several  Maples  of 
reeant  data  seem  to  indicate  a relationship  botwaan  heading  end  noise  character. 

true,  thia  la  a disturbing  oonoloalon,  since  it  lncreaaea  the  magnitude  e*  the., 
problem  considerably.  This  point  is  being  further  investigated, 

TITLE  i Pnadflaantal  ltets  in  Eoolinear  Mechanics  «i  Applied,  to  Servo- 

eitphfimlfr  ^ ~ 

TASK  SO.t  461-5-6  PHUami  2 SST.  COffLEm»»  October  1953 

SHOUBICTt  Unclassified  BBSPOMSIBI^  ff?rapf7?lft  tt  D*  Fleohtaer  JEET.i  50217 

PSIKi  OCTOACTCEj  Cook  Baaeatoh  Laboratory 

jgggggi  The  purpose  of  this  teak  is  to  provide  fundamental  data  in  non- 

linear mechanics  as  applied  to  aorvoneohaaiaas  with  a view  of 
datvelopdag  (a)  engineering  technique*  vhieh  will  assist  engineering 
personnel  in  taadsrgtaadiag  practical  non-linear  nsnhaalnal  systems, 
.(b)  an  analytical  approach  to  ten  of  the  problaas  of  nonlinear 
■eohanica,  and  (a)  nmUn^fr  device  which  will  improve  the  ro- 
spanse  of  oontrcQ.  systems. 

* 

. i . i ' ■ 

TQ  DATBt  Cook  Besearoh  Laboratories  has  developed  under  contract  with  tits 

Mechanics  Eesearch  Branch  of  the  Flight  Besearoh  Laboratory,  a new  method  of  servo 
eontrol.  This  eye  tea  has  been  named  "Dual  Mode"  by  Mr.  Donald  McDonald,  chief  en- 
gineer of  Cook,  since  it  exhibits  two  distinct  methods  or  modes  of  control. 

Cook  Laboratories  has  shown  that  for  specific  classes  of  inputs 
a dual  mods  servo  can  be  built  idiiah  will  have  faster  operation  than  a linearly 
designed  servo)  no  overshoot,  that  is  oscillation  around  "home  plate"  after  a 
disturbance)  end  less  input  power  to  control  the  same  output  load.  This  control 
also  exhibits  a saving  in  weight  ever  conventionally  designed  servos.  t 

The  project  has  produced  the  following  significant  results.  It 
has  been  show  that  the  theoretical  improvement  in  transient  response  predicted 
for  dual  mode  servo  operation  over  linear  operation,  can  be  obtained  practically. 

A nonlinear  servo  can  be  ocas true ted  which  need  exhibit  no  overshoot- in  transient 
response  for  any  value  of  input  step  disturbance.  This  nonlinear  servo  has  the 
fast  return  characteristic  of  a lightly  damped  linear  system  (damping  ratio  0.3) 
but  does  not  have  the  associated  overshoot  t&ich  builds  up  an  opposite  error  of 
35%  to  kO%  of  the  original  error  in  the  linear  eye torn. 

It  must  be  pointed  out  that  to  date,  a formalized  general  mathe- 
matical solution  proving  that  this  control  will  work  better  under  all  conditions  of 
input  has  not  been  accomplished.  Intuitive,  and  experimental  results  have  shown 
the  dual=mode  Bervo  to  have  better  response  than  a linear  servo  when  subjected  to 


RESTRICTED 


Project  461-2-4  (Cont) 

•"  u 

the  types  of  Inputs  usually  fotad  la  utm  deration.  It  is  hoped  that  a more 
general  proof  jdll  be  obtained  as  work  continues.  Mr.  HcPonals  fimly  believes 
that  the  sys tee  is  now  of  preotieal  use  and  experimental  servos  of  the  electrloal 
type  constructed  at  Cook  ha  vs  given  faster  operation  without  overshoot  thus  sot-  < 
psrimsn tally  proving  the  worth  of  the  system.  — 


Oook  Research  has  subeitted  a technical  report  containing  theory, 
physical  oonstruotiou,  and  wiring  diagrams  of  the  experimental  dual  raodw  wervos  vfciah 
hove  been  built.  The  report  contains  oscilloscope  photos  showing  the  improvement 
in  response  of  the  dual  mode  system,  A typical  response  curve  is  shown  in  Figure#l« 
Figure  #L  le  a comparison  of  the  response  to  a step  function  of  tha  dual  node  servo 
and  an  optimum  linear  servo.  Figure  #1  dearly  shows  ths  faster  operation  and 
elimination  of  overshoot  due  to  dual  node  operation.  Table  I (reprinted  fron  the 
report)  shows  ths  weight  and  power  savings  which  are  associated  with  dual  mode  con- 
trol. In  Table  I four  standard  methods  of  controlling  1/3  horsepower  are  compared 
with  the  dual  mode  method.  ' 

Table  I - Comparison  of  Sise,  Weight  and  Power 
acquirements  of  Conventional  and  Dual  Mode  Servos 
of  1/3  Horsepower 


Supply 

&tg£ 

Power 

4SR&£g. 

Power 

Watts 

Volume 

fibJfea. 

Weight 

— 

24V  D.C. 

D.C. 

Amplidyne  & 
Control  Field 
Amplifier 

1300 

500 

40 

115V 
400  CPS 

D.C. 

Magnetic  Am- 
plifiers & 
Control  Field 
Amplifier 

1100 

1100 

35 

115V 
400  CPS 

A.C. 

Magnetic  Am- 
plifiers & 
Control  Field 
Amplifier 

800 

600 

30 

24V  D.C, 

A.C. 

Motor  - Generator  SCO 
Set  & Control  Field 
Amplifier 

1000 

50 

39 


The  coaparieoa  above  shows  that  the  D&al  Node  Servo  System  provides j 
(X)  Order  of  2 to  X savin g in  alee  end  weight 

(2)  A 4056  or  greeter  seeing,  in  power  requirements  for  system  of  the 
ease  H*P» 

Also,  the  seme  ratios  indicated  above  are  to  be  expected  upon  extra- 
polation to  higher  horsepower  level*. 

It  is  thought  that  tide  ayetaa  of  control  can  be  successfully  adapted 
to  hydraulic  serves.  It  is  pleaded  to  vsrl&  this  Jby  construction  at  Code  of  a 
hydraulic  servo  which  will  work  in  tba.  dual  nods  fashion  • 


gcnlllWW*  COtttTOl  Systems 

461-2-9  PHZCSnTi  2 5ST».  OCWSUSOTt  July  1953 

Paalaaalflad  ffigCBama  SSEBTCISTt  ftaj  O.L.  Morrison 

' -™„.  gg.i  20217  '3? 

Princeton  University 

The  purpose  of  this  task  is  to  asks  theoretical  end  experimental 
investlgafciona  of  certain  problems  of  nonlinear  mechanics,  par- 
ticularly these  arising  in  connection  with  nodi  near  controls. 


plated.  work  is  being  performed  on  general  theoretical  problems  Including 

stability  sad  eritsria  tor  optima*  performance.  La  addition,  an  oiperimental  In- 
vestigation la  balag  $ede  of  the  methods  of  measuring  sad  characterising  tbs  be- 
havior of  nonlinear  systems,  and  of  the  transfer  characteristics  of  two  types  of 
nonlinear  systems.  Too  types  of  nonlinear  elements,  self-saturating  magnetio  am- 
plifiers and  two-phase  inducts  us  actors  as  used  in  seivomsohanl  saw,  are  also  being 
Investigated.  /' 


A quarterly  progress  report  vaa  received  from  the  contractor  ami 
contained  data  on  the  following  topic  headings  which  are  being  Investigated. 


Ihe  Stability  of  Bonllnear  Systems 

lfanl  Inear  System  Performance  and  the  Design  of  Compensating 
Betworks 

Fundamental  Consideraticn  in  the  Design  of  the  Primary  Power 
Stage 

Magnetic  Amplifier  Characteristics 
Two-Phase  Induction  Motor  Mechanics 


TASK  MO. i 
SlCUBITYr 


PURPOSE > 


Ihe  Theory  of  the  Linear  Acceleration  of  Large  Masses  by 
Electrical  Means 

jySl-2-10 PRTORITT*  7,  3gT,  CCISPLETIQBi  July  1952 — 

Unclassified  RESPONSIBLE  SCIENTIST*  K.  Pohlhausen  EXT.i  24155 

K.  Millsaps 

Sons.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  develop  the  theoretical  basis  for 
the  performance  of  the  linear  acceleration  of  large  masses  by 

electrical  means,  (This  information  ie  necessary  for  determinidg 
the  theoretical  feasibility  of  electrioaUy  accelerating  model 
missiles  and  aircraft,  and  the  possibility  of  designing  and  con- 
structing ultra  velocity  gtms,) 


Project  461-2-10  (Cent) 


TODAYS?  Nonlinear  differential  equations  describing  the  motion  of  such 

eyeless  have  been  derived  atti  the  solutions  obtained  fey  desk  calculation,  electronic 
■nelogua  computers  tad  lsrgeacals  digital,  oohpatere*  Too  electrical  sources  {i*ef, 
high  energy  batteries  and  large  scale  capacitors)  tore  be*  considered,  Individual 
end  series  accelerators  here  also  been  considered  sad  the  fslnlnji  esse  to  be  oco- 
sldared  is  the  series  capacitor  accelerator  which  is  scheduled  for  ocmputa ticca  la 
the  very  near  future*  For  the  first  tie*)  e expiate  theoretical  solution  of  an 
ale  Heal  circuit  with  a moving  aecfawnlcal  pert  which  continuously  changes  the  oii>- 
emit  oi rec terletioe  have  been,  obtained]  a njntiftln  study  of  solutions  of  a key 
problem  on  a variety  of  computers  tea  been  obtained. 


pared  in  approximately 


Hark  on  this  project  is  ea 
Gy  Septesberaf  this  peer* 


completed  end  a final  report  will  bo 


* * e • 


TXTLSi  ' A Nonlinear  toaerdh  Stair  of  the  AfStf  Guidance  System 

. AA-2-aa  ms>  2 • 35ST*  OOffUTlOHi  tty  1954 
aaOCpITTi  Confidential  RBSPgOIHJ  SOiaffiaTi  It  D.  Fleohtnar  HCT.I  20217 

PUMI.  _ 008fy%ACTQR?  Goodyear  Aircraft  Co^jany 

PURPOSE?  The  purpose  of  this  teak  is  to  acquire  fundamental  date  in  the 

field  of  oonllnear  mechanioo.  Spooific ally  the  aenro  loops  of  an 
automatic  control  system  of  the  ATBAV  guidance  type  will  be 
studied  mathematically  end  experimentally.  The  effects  of  non* 
linearities,  inherent  in  the  system  and  purposely  introduced,  on 
system  performance  will  be  studied.  Information  gained  in  this 
Earner  will  be  used  as  a basis  far  formulating  nonlinear  design 
techniques*  It  is  hoped  to  bring  nonlinear  design  theory  to  the 
degree  of  utility  of  linear  theory  fcy  providing  analytical  treat- 
ment and  design  criteria,  Tha  project  may  also  deduce  specifical- 
ly information  for  the  Improvement  of  guidance  systems* 

TO  DATS?  A contract  for  the  above  research  was  negotiated  on  1 May  19 52. 

The  first  progress  report  is  due  1 August  1952. 

»««« 


TITLE* 


SECURITY; 

PRIME  CONTRACTOR? 


Nonlinear  Study  of  Rate  Gyro scopes 

461-2=13  PRIORITY?  2 BST.  COMPLETION?  August  1953 
Unclassified  HSPQNSIBLE  ggEgTggfg  Capt  P.P„  Cerussi 

EXT.?  20217 

Franklin  Institute 


@^(3®0KfuTm 


Project  461-2-13  (Cont) 


lha  purpose  of  *-hi«  teak  is  to  tasks  an  sxperlaaatal  and  analytical 
investigation  Into  the  factors  that  contribute  to  tha  nonlinear 
outputs  of  gyroscopes  whan  they  are  enployslf  or  detection  and 
neaaur anaata  of  angular  rates* 


ilea  a arch  work  on  this  contract  was  initiated  on  15  April  1932* 


iJtti 


:««• : 
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Project  461-6-2  (461-1-30)  (Cent) 

' '■  " c W X ^ ; 

TO  DATSt  - : Studies  have  bon  made  on  the  copper-gold  system  to  improve  the 

research  techniques  «nd  gala  a tatter  knowledge  of  thle  system  while  the  samples 
and  test  arrangements  are  being  prepared  to  study  the  oobalt-platimaa  ays  teas.  Such 
marked  similarities  exist  between  tha  two  systems  that  this  has  been  determined  aa 
the  ooat  expedient  approach.  


/r-<\ 


PHYSICS  RESEARCH 


tzjzz  £&--*  't^rssr£t!Xi«  ss2  r. 

Z«x  JSSSW  E~E 

phytici  of  ayatama  tend  mtchonicol  pkyaiea. 
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GAS  TOO  DX72DS  A CXSOi  DfTO  1,000,000  PASTS? 

Thaarttleilljr.  tht  mllMt  tap t 
of  a circle  can  bo  divided  and  redivided , ad-infiniteu.  Thsf  1*  no  Halt  to 
the  smallest  number  you  can  write,  the  seas  as  there  la  no  limit  to  the  largest, 

w.  there  ja  a lower  limit  because  aa^  ms&a^  ament  has  seas  uhcar- 

tanity.  Out  boat  dividing  engines  are  capable  of  dividing  a circle  to  within 
two  seconds  of  are.  possibly  to  one  second  of  are)  this  ie  me  part  la  a total 
of  1,296,000  parte.  If  it  ie  desired  to  measure  an  angle  to  tMs  accuracy,  an 
astronomer  can,  by  taking  20  or  30  separate  msasuresmnio  of  an  angle  in  a certain 
prescribed  Banner  (to  eliminate  systematic  errors) , oaks  measurements  with  an 
uncertainty  of  me  second  of  are.  The  Air  force  has  may  neasureaenta  wherein 
a few  seconds  of  aro  are  required.  The  ember  of  these  measurements  to  bo  made 
and  the  length  of  tins  available  for  eaeh  measurement  preelude  the  use  of  the 
. astronomers'  methods.  A high  speed  angle  repeater  was  needed  for  our  autcnatie 
guidance  system  and  for  our  missile  test  ranges. 

The  physios  Re search  Branch  of  the  Flight  Reeearoh  Laboratory,  anticipating 
this  need,  has  supplied  the  Air  Fores  with  a simple,  snail  apparatus,  which  has 
V,  been  given  the  name  - tteropot  itioner.  It  consists  of  two  snail  glass  discs 

on  which  haws  boon  placed  an  array  of  conductors.  These  discs  are  to  be  mounted 
on  the  shaft  whose  angle  is  to  be  aeasured)  electromagnetic  induction  and  a few 
« vacuo*  tubes  do  the  rest. 

Now  the  Air  Force  can  divide  its  circle  into  a million  parts,  measure  the 
displacement  at  one  point  and  reproduce  it  at  another,  at  high  speed. 

This  project  was  carried  out  with  the  Farrand  Optical  Company.  Further 
work  will  prove  its  adaptability  to  our  autcnatie  guidance  systems. 


o' 


TASK  HO. t 
PRI»S  CONTRACTOR! 

m* 


klSiai* 


Ferroelectric  Crystal 8 

462-1-1  PRIORITY;  2 SST.  CCKPL’-TTOWi  July  1954 
Unclassified  l£3P3I3T31i  5SrBlTI3Tt  1.*.  .Schofield  29123 

Penasylvaaia  State  College  . v . _ 

The  purpose  of  this  task  is  to  study  the  special  charroteristioe 
of  ferroeleo tries  as  mil  as  t^prediet  the  existence  of  ferro- 
electric properties  in  crystals  on  the  basis  of  their  structure* 


TO  DATS*  A family  of  900  crystals  was  examined  and  the  interpreted  data 

wns  used  to  improve  the  theory  of  ferroelectric  and  piasoelectrlc  crystals.  The 


Tartrate, 
theory* 


axamin  tian  of  the  properties  of  this  crystal  substantiated  the  new 


An  older  low  temperature  X-ray  diffraction  machine  was  built 
and  operated  successfully.  It  has  sham  the  structure  change  in  KHjgPO,  at  its 
low  temperature  ferroelectric  Curie  point.  An  improved  version  of  suon  a machine 
is  under  construction, 

■ »'•  ' ' r'  o 

Arrangements  hove  been  made  with  Brookhaven  National  Laboratory 
to  carry  out  neutron  diffraction  of  ferroelectric  crystals  to  further  improve  the 
theory* 


« « « # 


TITLE  i 
TA3K  NO.; 
SECURITY; 

PRIM.'!  CONTRACTOR; 
PURPOSE I 


Skia graphic  Presmitation  and  Interdiffusion  Study 
462-1-2  PRIORITY;  2 33T.  COMPLETION;  December  1952 

Unclassified  RESPONSIBLE  SCIlgJTISTi  B.B.  Johnstone  ^CTi  29123 
University  of  Texas 

The  purpose  of  this  task  is  the  study  of  the  general  problems 
connected  with  the  presentation  of  low  intensity  and  short  dura- 
tion X-ray  shadows  to  a remote  observer. 


TO  DATS?  Dr*  Antes  of  the  Univers ity  of  Texas  is  studying  the  inter-diff u- 

8 ion  of  various  metals  by  ns  ana  of  reflection  of  polarized  light  as  a function  of 
temperature.  The  techniques  involved  here  are  very  difficult,  the  work  being  per- 
formed in  a vacuumj  the  temperatures  of  the  thin  films  are  sometimes  difficult  to 
measure.  Apparently  the  first  choice  of  materials  was  unique  for  all  of  the  para- 
meters were  easily  measure able  and  the  results  were  decisive.  When  the  techniques 
was  applied  to  other  metals,  room  temperature  reaction  rates  were  too  slow,  elevated 
temporature  gave  yary  steep  slopes  in  the  reaction  rate  and  adequate  control  could 
not  be  obtained.  The  search  for  crystals  which  show  marked  change  in  optical  pro- 
perties when  radiated  with  X-rays  is  continuing.  The  study  of  the  X-ray  conductive 
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Project  Ho,  462-1-2  (Goat) 

Vs  • ,•  * • - 

properties  of  various  fluorescent  and  special  glasses  hao  been  completed,  Investi- 
gation of  electroluminescent  phosphors  i*  underway.  Work  on  intermethllio  diffu- 
sion basjt&n  cones  read  with  the  diffusion  of  copper  through  aluminum  end  the  dif- 
fusion of  oxygen  &r.  vacuum  deposited  titanium  films.  ^ ^ 

. .. Tha  final  report  was  received  and  a doa e-out  will  be  initiated  _ 

as  st-ton  as  It  is  reviewed* 

Piezoelectric  Crystals 

462-1-3  PRIOSrrrt  2 BBT*  c<mmcw»  Deceiriber  1952 
Unclassified  HSSPCMSIBL3  SCI3TCI3Tt  V.  Schofield  & S.  Csyzak 

EXT. » 29123 

Sons.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  the  study  of  oertaln  eleotrioal 
and  Optical  properties  of  piezoelectric  crystals. 

This  project  has  been  reactivated  as  of  June  1952.  Sqtdpawnt 
for  checking  wave  fora  of  piezoelectric  crystals  ueed  as  oscillator  governors  has 
been  ordered.  Two  theoretical  approaches  are  being  considered,  (l)  examination 
of  the  wave  shape  of  a piezoelectric  crystal  oscillator  to  determine  the  mechanism 
of  stress  and  strain.  (2)  examination  of  the  stress  and  strain  tensor  add  the  die- 
electric  strain  tensor  to  determine  if  the  tensor  concept  of  piezoelectric  effect 
is  correct. 


TTTLSl 

^ TASK  80.1 

sasuamt 

PHPfc  OOKTRACTORi 
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TITLE i „ Ice  Physics 

TAM  MO.t  462-1-6  PHIORITl!  2 SSI.  COMPLETIOHi-  July  1953-  

SECURITY t Unclassified  RESPONSIBLE  SdSTTOTt  Lt  Allen  EXT*  29123 

PRIMS  CONTRACTOR:  University  of  Michigan 

PURPOSE t The  purpose  of  this  task  is  to  gather  information  for  the  de- 

sign  of  Improved  basic  de-icing  apparatus* 

TO  DATSt  The  contract  has  been  awarded  and  work  has  begun.  The  contrac- 

tor is  setting  up  facilities  and  obtaining  porcoraisl. 


Projeot  Bo.  462-1-6  (Coat) 


th«  ground  wind  tunnel  dssigi  is  ecegdoto.  &<peorijosntftti«i 
with  the  spray  apparatus  and  work  on  the  icing  wind  tunnel  is  continuing.  Modi- 
fication of  c diff ft'iftlyiar  for  water  drop  trajectory  studies  is  la  the  ~ 
planning  stags.  The  det-sroinatioa  of  drop  trajectories  by  naans  of  ca  extension 
of  Stoke* s Lev  has  been  completed  for  severcl  atatfaces.  The  icing  tuansl  ms 
edited  to  be  operated  la  the  summer  aenths  by  oooling  the  staple  in  the  test  section. 


TITLSi  Ida  Nuclaation 


task  go.  i 


462-1-7  PRIORITY  t 2 5ST.  QCMPLgTIOat  July  1953 
Unclassified  RB5P0S3IHL3  30I^m8Tt  Lt  Allan  gS£«  t 29123 
Commonwealth  Engineering  Company,  Dayton,  Ohio 
The  pujpose  of  this  teak  is  to  establish  the  background  for  the 
control  of  icing  problaaa  peculiar  to  Air  FOroe  operations. 


TO  DAiBi  o ..  The  dantraot  has  been  negotiated  and  Dr.  Burger,  the  ehiaf  in- 
vestigator, has  initiated  a literature  search.  Dr.  Burger  had  a personal  con- 
ference with  Dr.  Kraus,  of  the  University  of  Cincinnati,  to  disouas  some  of  the 
practical  aspects  of  lee  research.  He  also  consulted  with  Dr.  Vhnnegut  and  Dr. 

Lowe  of  General  20.ee trio  regarding  techniques  on  ice  nuoleatlon.  At  present,  the 
investigator  Is  collecting  equipment  for  the  investigation. 

« « « * 

s 

Domain  Properties  of  Ferromagnetic  Materials 
462-1-3  PRIORITY t 2 S3T.  COMPLmQNi  July  1954 
Unclassified  R33PCK3I3LS  SOISNTiaTt  W.  Schofield  3XT»  29123 
i Brown  University 

Ihe  purpose  of  this  task  is  to  Btudy  the  behavior  of  magnetic 
domains  in  large  crystals  of  ferromagnetic  materials  fey warns 
of  pulsed  ultrasonic  techniques. 

ID  DATgt  Large  single  crystals  of  nickel  have  been  successfully  grown 

and  attenuation  of  ultra  frequency  energy  (sonic  waves)  as  a function  of  magnetic 
stress  has  been  examined.  The  following  has  been  foundi  (1)  at  magnetic  saturation 
there  is  no  frequency  dependency  on  the  attenuation!  (2)  At  less  than  saturation 
values,  the  slope  of  the  attenuation  vs.  frequency  rises  as  the  magnetic  stress  is 
lowered,  (3)  the  magnitude  of  the  change  near  50  megacycles  is  about  ten  to  one. 

Arrangements  have  been  made  by  Brown  University  to  send  samples 
to  the  Brookhaven  pile  for  irradiation.  The  magnetic  supersonio  attenuation  methods 


48 


Project  Ho  *#462-1-8  (Cost) 

c ^ 


*111  bo  used  to  test  tho  asnoant  of  radiation  da*«u^  to  these  olio  irrediatsd 
saajfUe*  -•  >■■ 
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Ftywlos  of  Penetration 

' ' 

gnolootiftod 
fens*  Work  is 
The  pay  of  thlo  took  io 

wmtnMwj  hlg^Sp&Cd 

another*  ■ ' 


1 July  1933  . 

BT,i  29129 


0 bettor  rmilmi  tilting  of 
penetration  of  one  body  into 


to  DAHi  Ad  Analysis  of  the  water  dlsplow at  dot*  io  eentimdng*  An 

investigation  io  being  nods  of  the  defamation  of  plootie  notarial*  which  offer 
principally  coulcnb  typo  friction.  Bqwrimentol  apparatus  bos  been  oowbled  end 
dote  io  being  collected.  tho  artudy  of  the  penetration  of  plootie  notarial**  ooado 
end  o omM notion  of  plootio  end  elootio  substance*  boo  not  yielded  the  eiiriUtaAe 
that  woo  found  in  materials  hoeing  only  inertia  resistance.  toot  results  of  hmo- 
genootto  100001  of  notoriolo  bore  proton  reproducible  results  to  o high  degree*  tho 
otndy  of  these  results  boo  revealed  one  principle  foot  - bow  very  complex  these  re- 
sults ore* 


A new  quadripartite  wedge  has  boon  node  and  eight  teste  have  been 
node  with  this  wedge  ot  a dropping  speed  of  8 ft/aeo*  High  speed  pictures  were 
token  and  ore  being  evaluabed* 

In  a paper  published  in  Hoviabsr  1951  hr  the  institute  for 
Xathmnatlca  and  Mechanics  of  Hew  York  University,  there  is  presented  an  approximate 
theory  for  the  vertical  Inpset  of  a rigid  circular  com  on  the  plane  surface  of  an 
ideal  fluid.  The  iapoot  force  00  a function  of  penetration  depth  is  ooaputed  ap- 
proximately for  water  and  for  cone  angles  between  140°  and  170®.  The  force  values 
were  found  not  to  be  in  agreenaat  with  measurements  of  ttetanabe  (Tokyo,  1930).  Proa 
January  25  i©  February  25*  1952,  this  computation  has  been  carried  out  for  vertical 
impact  on  a fletitioue  Ideal  fluid  with  the  bbsb  density  of  iron.  The  iapaot 
forces  versus  penetration  depth  have  been  ooaputed  for  several  cone  angles  and  for 
eone<  angles  reasonably  smaller  than  the  head  angles  of  the  projectile  ogives,  and 
are  found  to  be  essentially  in  agreement  with  the  impact  forces  measured  by  Kaupp 
(Ssbsq,  Germany,  1937)  and  Naval  Research  Laboratory  (Washington  D.C.,  1935)  in 
firing  teste  against  steel  amor  plates* 


Further  theoretical  work  has  been  done  uith  respect  to  the  con- 
troversial question  of  whether  high  speed  penetration  of  solids  sen  bo  considered 
to  be  the  same  as  equivalent  high  speed  penetration  of  liquids*  Tho  reliability 


Project  So*  462-2-1  (C«t)  ~ ^ 

of  thftapprcadaatinna  suggested  by  workers  at  Sow  forte  University,  and  correlated 
with  tho  experiments  of  ttatanabe  (Tokyo,  1930)  luwv  been  explored • Ixuitragwntatlan 
bee  been  developed  for  measuring  the  pressure  distribution  over  a wedge  surface 
during  penetration* 


♦ * * # 


Confidential 
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XKPUTIOg  t Seceeber  1952 
’i  Nkj  Brown  Htt.i  29123 


The  purpose  of  this  task  la  to  improve  the  hit  probability  of 
napalm  against  point  targets. 

^ ;<v_ 

TO  DATBi  The  contractor  tee  been  organising  tecta  and  negotiating  rdtes 

for  explosive  testing.  ; 

> apse  prellnlnaiy  static  testa  have  been  ecna^ted,  but  full 
scale  stable  tests  are  awaiting  testing  alia  at  Sdmrde  APB*  Xeceaeaiy  authori- 
sation far  ssnh  a teat  sits  is  still  pending.  The  investigator  baa  performed  a 
mofesr  of  vsxgr  Interesting  experiments  which  point  the  way  to  the  control  of  tha 
dispersion,  the  rate  of  burning,  and  the  adhesive  quality  of  the  burning  mass. 

e * « * 

• Vs 

An  Instrument  for  the  Instantaneous  Analysis  of  Gas  Mixture. 
agOP»«  462-3-4  BgSTO  2 K8T.  0BMBX«h  Jbly  1953 

aaouaiwt  Unclassified  HBSBPCBaiHLS  SCiarnaf  t B.B.  Johnston  fflT.  i 29123 

PBIMB -CggTEACTCat  University  of  Arkansas 

rUHPOBai  The  purpose  of  this  task  is  to  develop  an  instrument  for  the 

rapid  analysis  of  gases. 

TO  DATKt  The  contract  has  only  recently  been  negotiated.  The  contractor  is 

nor  procuring  special  equipment,  aondnetlng  a literature  survey,  tooling  up  for  the 
fabrication  of  the  radio  frequency  mass  spectrometer  tube,  and  designing  circuits  sad 
equipment  for  use  In  the  development  of  an  instns&ent  for  gas  analysis . 

» * « « 


rr&Bt 


Cooling  of  Rotating  Bleetrioal  Equipment 

462-4-1  TMGmZi  2 BBT*  COMPLBTICBt  February  1953 

Unclassified  I£ESgff83IBLg  SCIENTIST t 0,P<  Morgan  sen,  Jr,  EXT,  t 24159 
* Ohio  State  diversity  Bssaarah  Fgusdatloa 

The  purpose  of  this  task  is  to  accomplish  the  followings 


^©^i^msmaBaOl 


Project  No.  462-4 -1  (Cent) 


RBSTB1CTED 


(1)  Investigate  means  to  Increase  the  range  of  environmental 
conditions  \ader  which  a variety  of  rotating  electrical 
equipment  may  be  ^erated, 

(2)  Study  methods  of  reducing  the  power  required  to  cool  such 
equipment  by  convective  processes. 

(3)  Establish  design  criteria  for  selecting  auxiliary  cooling 
equipment  when  envlrotaamtal  coadltlons  (speed  and  alti- 
tude preclude  the  possibility  of  cpollng  by  convection. 


Design  of  testing  apparatus  for  blast  cooled  machines  has  been 
Methods  of  loading  alternating  current  generators  are  still  being  in- 


TO  DATSt 
completed. 

VSStlg&imi.  Methods  nr  efrmnjwg  TO^Tir^ar'+j.  ui.  mi*rrvn*  pMn+-n  on  a 

rotating  body  have  been  studied  la  eorslderab?  detail}  thermocouples  with  ro- 
tating contacts  continually  dipping  in  mercury  ware  found  to  be  applicable.  A 
rather  comprehensive  survey  of  llteralure  has  been  completed  for  reference  per- 
tinent to  sources  of  heat  within  rotating  electrical  equipe&nt,  hot  spots,  causes 
6f  failure  and  cooling  methods  applicable  to  aircraft  equipment.  Two  progress 
reports  have  been  received,  and  preparation  of  a third  progress  report  is  In 
process.  «* 


* * * « 


TITLE i 
TASK  SO. i 
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FROM 
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Besearch  in  Ootics 

462-5-1  PRIOByni  2 S9T.  CCHPLSTiart  July  1953 
Dnolaasifled  HgSPCKSIBLS  SC33fTISTt  J.E.  Clemens  ft  B.B.  Johnstons 
• v ‘ . SS.I  29123 

8i  National  Bureau  of  Standards 

The  purpose  of  this  task  is  to  provide  methods  of  making  large 
pieces  of  optical  glass,  raking  new  types  of  glass,  establishing 
new  methods  of  machine  Computation,  improving  formulations  of 
optical  systems,  and  devising  methods  of  grinding  aspheric 
surfaces. 


TO  DATE:  Work  on  theoretical  optical  instrumentation  problems  and  on  large 

optical  blanks  has  continued.  3everal  melts  in  the  new  platinum  crucibles  were  raids 
with  encouraging  results.  The  contractor  la  developing  a continuous  optical  melt 
process,  and  experimentation  is  in  process  to  develop  a stirring  system  giving  op- 
timal mixing.  A number  of  simple  experiments  were  made  with  a synthetic  substance' 
closely  resemblin'  molten  glass  at  a specific  temperature  with  respect  to  viscosity 
and  density,  usin^  a number  of  different  type  stirrers.  Various  rhapes,  forms, 
speeds,  etc;,  were  used.  In  moat  eaaag,  simple  type  stirrers,  vie  paddle,  vane, 
propeller,  showed  regions  in  which  very  little  mixing  occurred.  One  shape,  a two 
bladed  affair,  gave  the  best  results,  ThiB  shape  was  fabricated  out  of  platinus  and 
tested  with  molten  glass  with  good  results. 


The  latest  progress  covers  research  done  on  the  followings 


Project  Bo.  462*5-1  (Cost) 


s*  Optical  Design 
h,  OotlAal 

0,  Optioal  ferfoimimoo  ' 

Optical  Dnjffl 

a.  Optical  Design  Project 
OpttoA  tudolipw 

ft.  Figuring  10  iaofr  Itaterferowtsr  Plata* 

b.  Bata  ©f  WtMjMmg  CO—* 

o.  Largs  Optical  (Hass  Sink* 


<4)  Optical  Performance 

a.  Jttcrophoto—trie  Analysis  of  Lina  Jkage?7 

b.  Visual  Aaalyai*  of  Xiao  inagery 

0.  Compensating  Prlsa  Bffect  ty  Camera  Tipping 
d.  Distortion  at  Finite  Ratios  V 

a.  Calibration  of  24  lash  K-17B  Camera  v> 

Optioal  Proparti—  of  liquid  Crystals 
462-5-3  PBIOHOTi  2 S8T.  OCBPlgTIOWi  Deeenber  1952 
Uaolaa8lfjed  HBSPO^lSjt^prTHKr fcfT  tf.B.  Johnstons  gT.i  29123 

[1  Uni  varsity  of  Cincinnati 

The  purpose  of  tills  task  is  to  staff  the  optioal  proparti—  of 
solution  of  liquid-CTystallina  materials  under  such  perdition* 

— nay  be  required  for  operation  a a a light  Taira, 

The  contract  has  only  recently  been  warded, 

# <r*  # 


mi 2a» 


PURPOSE: 


Radio  Ware  Absorption 

462-6-1  PRIORITY:  2 B3T.  COMPtBTIOK:  July  19# 
Unclasairied  HESPoiSISLS  SCIBtTIBT:  B.B.  Johnstons  SST.t  29123 
University  of  Florida 

The  purpose  of  this  task  is  to  reach  a better  understanding  of 
radio  wave  propagation  phenomena  and  its  relation  to  atmospheric 
characteristic?. 


TO  DATE:  fhe  university  has  constructed  a tower  for  their  aicrovave  de- 

tection system  adjacent  to  tho  Weather  Bureau  in  order  to  coordinate  sore  closely 
their  work  with  that  bureauo  The  tower,  supporting  equipment,  standby  power,  tele- 
type, and  radio  communication  has  been  provided 0 The  station  is  sow  operating  as 
a part  of  the  network  of  which  the  Havy  and  Weather  Bureau  are  a part0 


^SSTBOgfle) 


V 

\ 
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Stom  «fciivity  ea  on*  occasion  during  J«ma» y wt»  especially 
interesting,  the  radar  photographic  history  of  the  atom  gave  a vivid  picture  of 
the  precipitation  pattern  which  accompanied  the  stem  which  agrees  eery  well  with 
the  bast  analysis  of  synoptic  weather  reports.  , ^ 

- - - V.  • ..  . • • . - » ■ O'-  " , 

Routine  reporting  ted  tracking  of  storm  oentem  is  continuing 
and  the  cerreXatinu  between  this  new  method  df  dbservaticn  and  the  «lde*t«ettabd» 
of  reporting  are  beingmade. 
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TASK  HO. t 

SBESSEL* 

PRIMS  CCBTHAOTORt 
FCBPOSSt 


khi  ounpuletien  KrttrintT 

466-1-1  pfoosmt  10 


1 December  1952 


Confidential  RS3PCK5I3LS  30EKTI8TI  B.B.  Johnstone  ggi  29123 
Psridn-Elmer  Corporation 

are  purpose  of  this-  teak  is  to  investigate  tbs  poeil  bill  ties 
of  extending  and  laproving  optical  computational  methods  by  - 
the  txtiliiatloa  of  naohine  ooaguters  similar  to  the.Barvard 
Mark  1, 


TO  DATS  1 Details  are  being  worked  out  on  the  Harvard  Mark  Z Computer 

and  also  the  IBM  electronic  machine  for  setting  up  ray  tracings  for  optical  sys- 
tems* Work  has  shown  that  both  machines  are  suitable  and,  in  certain  oases, 
askew  tracings  can  be  accomplished  on  tire  IBM  several  times  faster  than  on  the 
Mark  I. 


The  contractor  proposed  that  permission  be  granted  to  work  on 
two  different  optical  formulae.  doe  of  them  is  based  on  the  contraotor’s  approach 
to  obtain  a completely  color  oorreoted  optical  system.  A recent  system  worked 
out  by  Mr.  McCarthy  of  the  Peridn-Elaer  Corporation  resulted  in  an  apochroaatio 
system  in  which  the  color  was  reduced  to  a very  small  value)  -however,  with  the 
contractor 'a  proposal,  it  is  theoretically  possible  to  reduce  the  color  residual 
to  eero.  The  other  formula  consists  of  a new  method  of  obtaining  a wide  angle 
field  theoretically  up  to  190°  add  practically  tip  to  150^  with  a very  simple 
optical  system  at  unit  magnification,  Magnification  can  be  introduced  by  conven- 
tional methods  if  desired.  Both  of  these  formulae  could  be  of  immediate  value  to 
the  AP  in  military  applications,  A coating  system  has  been  established  for  skew 
ray  tracing  on  both  Marie  1 and  the  I®  type  computer.  Hay  tracing  and  third  or- 
der computation  are  in  the  nature  of  numerical  analysis  and  can  be  accomplished 
on  both  machines.  However,  the  Marie  I is  much  too  slow  for  this  kind  of  cyclical 
work.  Automatic  machine  lens  design,  however,  involves  the  problem  and  poBes  the 
question  of  evaluating  radii  thickness  and  glass  types  that  will  satisfy  the  spe- 
cific performance.  It  is  intended  to  continue  the  automatic  design  as  far  as 
possible  with  both  machines.  Storage  in  the  computer  is  a problem  which  will 
eventually  have  to  be  increased  as  more  complex  lens  designs  are  to  be  studied. 
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A triple  lens  vsi  coded  up  on  the  Btrvcrd  Mart  I ted  was  euj>- 
plamsnted  tor  additional  calculations  made  on  the  electronic  ZBK  machine  end  Jhe 
various  design  parameters  ware  run  through,  utilising  existing  type  glasses.  - The 
tabulation  of  the  results  gives  every  conceivable  type  of  leas  that  ean  be  made  with 
three  elements,  including  tee  goodness  with  respect  to  the  seen  different  types  of 
aberrations  end  deviations  from  the  image  quality.  Many  of  these  designs  were  found 
to  here  better  quality  than  many  of  the  new  ferns  five-element  oamera  leasee.  Be* 
signs  were  available  which  covered  tee  gamut  from  those  suitable  for  telescopes,  ~ j? 
periscopes,  binoculars,  camera  leases  and  any  other  conceivable  application* 


Id  xiai  sear  nteTU,  tee  ccaputing  &acMacs  will  be  set  up  for 
running  out  the  four  element  series  and  than  the  five  spirant  series.  U&er,  the 
problem  will  be  reverted  ty  eetting  an  asceptsbls  level  of  image  quality  and  do* 
tea-mining  tea  art  oleum  number  of  oleomata  which  will  achieve  this  requirement.  It 
osa  be  predicted  that  inside  of  a year  tea  government  will  own  or  will  have 
available  a complete  coverage  of  all  of  tee  Ians  formulae  involving  theoretically 
tea  utmost  in  quality  that  ean  be  achieved  with  the  utilisation  of  tee  now  existing 
optical  glass  characteristics.  This  should  make  the  United  States  preeminent  In 
this  aspect  of  tee  optical  industry. 

• • « • 


TULBi  Photo  grams  trie  Reduction 

fflQfia*  486-1-2  gBXOSXTIt  2 gg.  COKPLSTIOBt  July  193* 

MBEZI*  Meet #Ud  TBBgCBSTTgJC  aOTU^.  0.  fVe^tle  fiE.I  28292 

t Bone.  Work  being  accomplished  at  WADC. 

FUBPOBKi  The  purpose  of  this  task  is  to  prove  that  an  operational  method 

of  reduction,  Involving  tee  projection  of  ray  pencils,  can  be 
accomplished  simply  and  with  the  seme  accuracy  as  tee  analytical 
method. 

\ 

TO  DATEi  Photo  grama  trio  reduction  by  modified  multiplex  equipment  is  ’ 

being  Investigated.  Ccapariaonfl  harm  been  made- between  the  ssdifiod  Tramikie  sod 
Anderson  methods.  The  data  indicates  that  the  Traenkle  method  may  reduce  analysis 
time  for  photographs  from  two  hours  to  ten  minutes  as  compared  to  classical  Anderson 
method.  Fence  Teat  range  has  been  adopted  for  taking  the  master  photograph}  ad- 
justment of  special  targets,  and  calibration  of  oamera  stand  by  a special  collimator- 
telescope  have  been  completed.  Preliminary  exposures  were  made  and  adjustment  com- 
pleted. 

Dr,  Trasikl©  of  tee  Flight  EeBoareh  Laboratory  has  now  collated 
a series  of  foneo  photographs  is  eoejxaetion  with  tee  problsa  of  developing  a method 
of  calibrating  a cmera  ead  evaluating  these  photographic  data*  A series  of  reports 
covering  this  work  is  being  written* 
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the  respite  of  four  different  Independent  experimental  methods 
obtained  la  this  laboratory  for  checking  the  accuracy  of  the  Multiplex  eolation  of, 
reeeetlcn  In  epeoe  here  boa  recassidered  end  analysed.  It  eaa  be  Mum  that  the 
errors  resulting  fiat  ell  the  different  nethode  fit  all  the  sane  theoretical  for* 
solas  thus  prorlng  the  correctness  of  its  underlying  error  easlysia.  It  eaa  fur- 
ther be  eeen  that  the  aoeuraay  of  the  Moltipl&c  net  hod  re-che  k closely  to  the 
theoretical  limit  of  aeeuraey  aa  given  by  the  physical  propcriiee  of  the  camera  ami 
lane  itself.  The  results  are  now  being  compiled  into  a report. 

Areport  la  being  prepared  corering  t&e  theory  ana  operational 
rules  of  the  projective  method  as  performed  with  the  plenlgraph  of  multiplex  equip- 
ment. further  progress  **£  epseding  bp  of  restitution  has 

boss  made  at  the  following  pedate  i _ 

(1)  Control  point  array  and  adjustment  rules,  (2)  Restitution 
geometry,  and  (3)  Ground  relief  oo motion.  The  report  mentioned  above  is  intended 
as  a Manuel  of  Operation. 

It  has  bean  established  that  the  operational  method  is  capable 
of  an  accuracy  comparable  to  that  of  the  aaeyltleal  method.  It  now  becomes  neces- 
sary to  determine  Mtether  this  method  can  be  applied  practically  and  it  is  planned 
to  train  an  individual  of  ordinary  competence  to  perform  the  work.  A comparison 
of  hie  output  will  be  *ade  against  similar  talent  operating  with  the  conventional 
analytical  methods. 

* * # * 

Photographic  Sadir  Point 

466-1-3  PRIORITY t 2 BST.  COMPLETION  t July  1953 

Unclassified  fomwaput  aciffiTISTi  B.B.  Johnstone  SJ.i  29123 
University  of  Mlohigaa 

The  purpose  of  tuis  task  is  to  dstsnsifi®  the  perYonsmoos  of  gy ru 
stabilised  devices  by  photographic  swans. 

Work  on  stellar  photographic  calibration  methods  is  progressing 

satisfactorily.  Comparison  tests  between  theodolite  and  photo  gressnetric  methods 
aro  to  be  run. 

A joint  program  has  been  inaugurated  between  Flight  Research 
Laboratory  and  the  Equipment  and  Armament  Laboratories.  Tests  on  compensated 
vertical  gyro  system  (Sperry),  Dynamio  Study  of  K-l  System,  and  a high-speed 
Bomb  Director  are  in  process.  In  addition  to  the  gyro  testing,  a new  installa- 
tion was  started  to  test  the  K.=4  Bombing  System  in  a B=47  airplane.  The  in- 
stallation in  a B-29  aircraft  has  been  completed. 
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Dr.  fraenkle,  of  the  Phyaica  Branch,  Plight  Research  Laboratory 
has  prepared  two  papers  on  his  operational  method,  and  these  hare  been  distributed 
to  eonteaqporary  researchers  in  this  field  for  their^oo^bent.  The  application  of  the 
photo grauetric  principle  to  nadir  point  definition  in  YooelerS|iriig  vehicles  is  being 
applied  to  test  systems  in  a B-17,  B-29  and  a B-45  for  analyst  work  at  the  request 
of  other  laboratories. 

<-  ■ 

: ' = f " " “ * # * * " " ’ 


TASK  SO. t 
SBCUBETt 


Dynaados  of  CAplat  Systems 

466-lWi  PKTOKlTTt  2 BTT.  0C«FI3TIQgi  July  1953 

tTn^i eaaiflMl  mspmsmx  scTBrnat^forrig  k jftaelt  )g£i  29123 

Bose.  Stark  being  acccspliahed  at  WADC, 

The  pux^oee  of  this  task  is  to  study  the  dynasties  of  complex 
systems  such  as  guidance,  fire  control,  sad  other  systems  of 
interest  to  the  Air  Porce. 


TO  DATS i m gn4 1\  iumt  in  the  theory  of  instnxaentatlon  of  the 

SPIH3  System  have  been  made  by  the  PHL  staff*  The  transition  from  experimental  to 
pre-prod&tion  design  far  the  NOBBS  System  is  in  process.  A paper  on  the  use  of 
magnetically  supported  spinning  balls  has  been  completed.  The  testa  of  a new 
Lear  version  cf  the  electro  mechanical  servo  for  use  in  the  P-80  has  been  made  in 
conjunction  with  the  RSAC. 

At  the  request  of  the  Guided  Missiles  Section  and  representatives 
of  Holloman-  Air  Force  Base,  a study  was  made  on  various  methods  of  controlling  manue- 
verable  bombs.  The  report  entitled  "Line  of  Sight  Control  for  Bombs"  has  bean  writ- 
ten and  distributed  to  interested  parties. 

A recent  report  "Notes  about  the  Motion  of  a Ferromagnetic  Sphere 
Freely  Rotating  in  a Magnetic  Field"  has  been  prepared.  This  report  answers  questions 
in  connection  with  spinning  balls  at  very  high  rpm’s  while  supported  by  a magnetic 
field  and  having  application  as  a free  gyro.  Actually,  as  is  shown  in  the  report, 
the  precesaive  forces  generated  as  by-products  of  the  supporting  field,  even  with  the 
best-  known  f erromagn et ie -materials , is  of  the  ssme  magnitude  as  erection  torques  ap- 
plied to  so-called  vertical  gyros.  Qualitative  tests  on  a laboratory  model  substan- 
tiated that  fact. 

Study  has  been  made  of  navigational  systems  with  inertial  platform 
and  Doppler  radar.  The  combination  of  the  tyo  systems  can  be  made  in  two  separate 
waysj  either  to  improve  the  damping  of  an  inertial  platform  for  using  the  information 
of  a Doppler  radar,  or  one  can  improve  the  short  time  indication  of  a Doppler  radar 
by  adding  the  information  of  accelerometers  which  are  mounted  on  a horizontal  plat- 
form. After  the  first  part  of  the  problem  was  finished  last  month,  the  second  part 
could  be  attacked.  The  block  diagram  of  a suitable  arrangement  of  the  components, 
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, Work  being  accomplished  it  VUXI. 

purpose  of  this  tuk  is  to  study  high  spssd  boobing  problow 
to  a director  capable  of  vectoring  a vehicle  to  the 

rolaaso  point  in  a winter  tin*. 


to  da««  Drawings  for  a high  spood  taetioal  'boobing  ocmputsr  wars  pro- 

duced. Turther  work  on  bcwbaight  nodal  is  depending  upon  the  completion  of  a 
shop  facility,  the  endless  bolt  on  which  rarioua  types  of  gaaoetric  patterns  on 
be  plaeed  is  in  the  proeess  of  fabrioatioo  and  the  electronic  characteristics  of 
the  Instrument  are  being  bxaolned. 


* # # # 


Boohing  Error  Study 

TASK  HO.  t 466-1-6  PRIORITY l IB  BBT.  COWPLETiah  July  1953 

aBSUBITIi  Unclassified  BB3PCS3IBLB  SOIBTOTi  J.  Sohwgt  gT.»  26292 

PH BB  COWTHACTCSi  Bone.  Work  being  accomplished  at  VADC.  

PUBPOSBi  The  purpose  of  this  task  is  to  determine  the  various  sources 

, and  magnitudes  of  bribing  errors, _ 


TO  DATE 1 The  boobing  error  study  technical  analysis  has  been  completed. 

The  equipment  for  studying  error  sources  In  the  B-50  airplane  has  been  completed 
and^ewdting  the  arrival  of  the  B-50.  The  Armament  Laboratory  has  indicated  that 
due  to  priority  assignment  of  B-50  aircraft*  it  would  be  possible  to  run  only 
a portion  of  the  program  previously  planned.  A reduced  flight  test  program  is 
planned  for  deteraining  the  merit  of  vortical  indicating  instruments » 9&q  re= 
aainder  of  th®  program  will  bs  accomplished  at  a later  date.  2he  basic  work  ®*d 
instruments  developed  la  this  study  have  been  used  by  23$  for  use  ia  the  testing 
of  P©rJdn=Sla9r  boaboicht*  and  the  evaluation  of  their  components  and  systesso 


Theoretical  studies  have  been  performed  on  how  th®  bombing 
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aeeuraoy  la  diving  could  be  ignored  by  means  of  a ocnplete  wind  solution . The  con- 
tinuation of  the  theoretical  studies  requires  practical  tost  data.  Therefore,  a toot 
request  with  a test  program  has  bean  forwarded  to  Air  Force  Afwwmt  Center,  Kglin 
APB,  through  WADC.  The  teats  have  been  discussed  with  the  Armament  Laboratory  and 
properly  coordinated.  They  will  be  performed  at  AFAC  with  an  Nd4. 

• e « • 
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Bomb  Effectiveness 
466-1-7  mssmt  2 gT.  caffilgmii  Cemtimrtwr 
Confidential  BBSPataiBLg  8CIBfT13Tt  Had  toon  BXT»*  29123 
Purlu:  University  Research  Foundation 
She  loss  of  production  restating  fra  s bombing  Attack  Is  a 


fhnotioa  of  the  eharaeteristics  of  the  attack  end  the  ehareeterie- 


tiss  of  the  target  attacked.  Shis  project  is  to  evaluate  the 
shove  function,  so  that  if  the  characteristics  of  the  attaok 
sad  the  target  are  known,  lose  of  production  can  be  predicted 
with  as  natch  accuracy  as  possible. 


TO  DATS  i The  library  is  now  well  catalogued  and  fairly  complete.  The 

old  Lehigh  University  Library  has  been  supplemented  by  data  collected  on  European 
trip.  Phase  I final  report  has  ben  completed  and  work  is  continuing  on  refine- 
ment of  statistical  methods  used  time  far.  The  oil  study  program  is  well  under 
way  with  the  collection  of  data  from  the  oil  industry  in  the  United  States. 

* * * » 


TITLE i 
2A&JQ.I 
iURITYt 


sac  i 


Statloa  and  Dynamics  of  Airborne  Anassant 
466-1-8  PRIORITY!  2 R3T.  COMPLETION 


>RIME  CCMTRACTORt 
PURPOSE i 


June  1953 

. H.  Brown  BCT.t  29123 


Confidential  

None.  Work  being  accomplished  at  VADO. 

The  purpose  of  this  task  is  to  study  the  complete  aircraft 
armament  problem  and  to  compile  a comprehensive  compendium  of 
information  concerning  theories  and  praetiees  in  this  field. 


TO  DATEt  An  extensive  report  covering  the  complete  field  of  bombing,  in- 

cluding the  theory  of  the  boobing  problem,  its  instrumentation,  the  environment, 
the  tactical  situation,  and  the  maintenance  problem  has  been  planned.  The  ten- 
tative chapter  headings  have  bean  assigned  and  competent  groups  are  being  asked 
to  participate  in  certain  portions  of  this  project.  At  present,  five  groups  have 
agreed  to  participate, 


The  following  sources  hsvo  bees  eeataoted  during  tea  past  mtx^k 
to  si®  if  they  any  be  able  to  sain  contributions  toward  this  pro^sots  Dr*  DLodrlck,, 
Ballistics  Ka search  laboratory,  Aberdeen  Proving  Ground,  Ih*.  Robison  end  H*.  Epotsia 
of  lafrfoeal  Bureau  of  Standard**  Hr.  Diedrick  supplied  a short  written  treaties  oa 
E-ceb  Ef  11  is  tic  b which  wef  be  suitable  with  little  reriaioiu* 

Tha  editing  of  Voluwt  I of  ths  proposed  text  is  taking  cr  eaornocs 
properl  tons  and  it  eypoare  that  it  win  to  nseessary  to  obtain  sontractual  services 
is  ord  r to  reduae  ths  load  oa  psracmaol.  Dr.  Piles  of  Raytheon  Corporation  is 
being  t,  jaeidored  as  a possible  contractor. 

* # # # 

TITLE*  Aoro-ctfamsic  Study  of  Bcab  Shapes 

^TSTte  «*  L66-1-9  PRIOHIfri  2 SST.  COKPUEflOHt  January  1953 

gWBfoa  Confidential'  BggBowsiHM  SCHMyiWi  "Tftte  \aiehn»r  HT.t  21096 

c iITRACTCBt  Ho m*  Work  being  aooee^liahsd  at  fc&Sc. 

The  purpose  of  this  task  is  to  provide  data  tor  improving  boobing 
ballistics. 

TO  Digs  Son©  experimental  tests  have  been  ccndaoted  in  the  5*  wind  tunnel, 

SrigHt-  'it  tar  a on  API?,  and  a bomb  shape  has  been  developed  which  is  stable  without 
the  co 2 Hsntional  tail.  The  boob  configurations  are  shorter  than  conventional  boabe 
and  oec  ipy  less  space  In  airoraft  bos b bays*  Two  boabs.of  the  180  pound  variety  have 
been  dr  pped  at  Sglin  Field  with  B-29  and  6-56  aircraft.  Booh  dispersion  wes  snail 
which  proved  that  good  stability  ©an  be  obtained  without  the  eonventional  tail. 

Twenty  sore  boohs  are  being  constructed  for  shipment  to  Sglin  Field  for  teats  to 
denonstrate  that  the  new  bosh  shape  is  lass  affected  by  bonb  bay  twbulaaee  than  tea- 
veatlar  il  bonb  shapes.  A $00  pound  design  is  also  being  undertaken.  Tbe  above 
mentioned  boabe  are  fitted  with  very  ssaU  fins  which  do  Piet  extend  radially  beyond 
ths  ba£3  of  the  bocb»  Wind  tunnel  tests  are  being  oondnoted  at  Wrlght-Patteraon 
APB  in  order  to  eliainate  fins  altogether. 

Wind  tunnel  teats  more  recently  nada  on  several  bonb  shapes 

■«hich  differ  in  certain  aopanta  fro*  previous  ones.  These  shapes  appear  to  ba 
quit©  promising  for  they  say  ba  acie  to  have  low  or  high  drag  uhl shaver  ia  naadid. 

Photographic  Reconnaissance  Laboratory  personnel  have  beoone  very 

inberet  ted  in  utilising  net?  bomb  chapas  for  flesh  bombs. 

Dr..  -.  U- bosk  udvipes  will  begin  at  Air  Proving  Qroead, 

Eglia  i Laid,  me  ooor.  -i; •:  b . - :i  s assigned. 


B.B.  Johnstone  8KT,t  291 
the  purpose  of  this  took  is  to  provide  the  theoroiieal  end«®- 
periiwntal  background  for  tba  manufacture  of  a coordinate  trans- 
former baring  a roosooablo  site,  wight,  sad  manufacturing 
tolerances  for  usa  in  aircraft  firs  control  system*. 


TO  DATE!  The  contractor  has  engaged  in  preliminary  design,  theoretical 

investigations  and  logical  coaputer  layout,  Information  has  bean  rec sired  from 
the  contractor  that  a nodal  of  a coordinate  conversion  unit  can  be  made  in  a boat  of 
4 x 10  x 10  Inches  dimensions, having  an  accuracy  of  5 nils  with  a possibility  of  an 
eventual  accuracy  of  2 alia. 

The  final  report  has  been  submitted  by  the  contractor.  It  covers 
in  a eonprehansive  and  systematic  manner,  with  the  necessary  supporting  mathematical 
formulae,  the  various  methods  for  accomplishing  coordinate  conversion,  A.  closeout 
is  being  written  on  this  projeet. 


TITLE t 
TASK  NO.i 
SECURITY! 
PRIME  COST 
PURPOSE! 


* # # * 

Continuous  Measurement  of  fuel  Quantity 
466-2-4  PRIORITY!  2 B3T.  COMPLETION i July  1953 
Unclassified  RESPONSIBLE  SCIENTIST!  P.  Pensig  EXT.  i 29123 
Raytheon  Manufacturing  Company  ' ” 

The  purpose  of  this  task  is  to  investigate  and  develop  fuel 
quantity  measuring  techniques. 


TO  DATE!  Visits  to  various  Strategic  Air  Consnand  Bases,  airframe  companies 

and  commercial  airlines  were  made  by  the  contractor  personnel  in  order  to  disouss  the 
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various  problems  associated  with  fuel  measurement.  Also,  a very  thorough  and 
comprehensive  patent  research  investigation  has  been  made  covering  both  the 
United  States  patent  literature  and  s gnat  deal  of  the  German,  French,  English 
and  Russian  patent  literature.  Most  of  the  information  available  on  this  problem 
has  been  obtained  and  has  been  aisssarised. 

The  manuscript  on  fuel  quantity  measuring  techniques  Is  nearing 
coqpletioa.  The  manusoript  contains  the  contributions  of  more  than  100  persona 
(all  landers  in  their  fields)  in  instrumentation,  eleotronics,  air  fraias  design, 
air  tactics,  nucleonics,  chemistry,  etc.  The  pertinent  factors  discussed  include 
the  tactical,  structural,  aerodynamic,  physohologioal  and  chemical  aspects. 

.A  classification  of  fuel  gaging  principles  is  enumerated  and, 
roughly,  140  new  suggestions  for  fuel  gage  designs  are  considered.  Nine  of  these 
were  examined  in  soma  detail  • gagihg  by  radio  frequency  fields,  by  titration  of 
dyes,  by  heat  oapaclty  of  the  fuel  body,  by  float  gages  or  buoyant  probes,  by 
capacitance  type  gages,  by  multiple  feel  operated  switches,  by  cyclical  pumping 
of  the  fuel  through  a meter  and  by  acoustical  methods,  and  by  the  use  of  pressure 
gagea.  The  conclusion  drawn  from  this  study  is  that  improvement  in  fuel  gaging 
will  come  primarily  from  better  specifications  of  objectives  and  better  detailed 
engineering,  but  the  search  for  ingenious  new  gaging  principles  is  decidedly  not 
promising. 

* ♦ * * 

Instrument  Development 

466-2-6  PRIORI ITi  2 E5T.  CCMTL3TI0N:  July  1953 
Unclassified  RESPONSIBLE  SCI3JTIST:  J.E.  Clemens  EXT. t 29123 
None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  develop  better  instrumentation 
in  Flight  Research  Laboratory's  field  of  research. 

TO  DATE:  Theoretical  and  experimental  investigations  have  been  under- 

taken on  the  development  -of  fuel  flowmeters  based  on  temperature  gradient  as  a 
function  of  fuel  flow,  on  an  accelerometer  utilizing  quartz  fibers,  and  on  an 
instrument  for  measuring  aircraft  skid.  A study  is  now  in  progress  to  determine 
the  effect  of  wall  temperature  on  the  accuracy  of  the  fuel  flow  meter.  After  this 
study  is  completed,  a report  on  the  flowmeters  will  be  prepared,  A report  on  the 
quartz  fiber  accelerometers  has  been  prepared. 
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---  A report  on  Thomas  flowmetsre  for  fuels  has  been  prepared.  This 
report  contains  a theoretical  investigation  of  flowmeters  and  results  of  experiments 
made  with  two  types  of  flowmeters  designed  and  constructed  for  these  teste* 


# * * 


TITLE i 
TASK  KO.t 
SmilRITTi 
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purpose, 


Optical  Instrumentation  ( Inter feraaetry) 

466-2-7  PRIORITY!  2 EST.  COMPLETION  t July  1953 
Unclassified  RESPONSIBLE  SCI3fTISTt  T.  Zobel  SXT.t  23223 
None.  Work  being  acoasplished  at  WADC 

Pie  purpose  of _ thia  task  is  to  investigate  the  further  utilisation 
of  optics  as  an  instrumentation  tool.  ' 


TO  DAISi  The  laboratory  setup  consisting  of  the  large  interferometer  and  a 

specially  built  General  .;£Lectric  steam  turbine  has  been  completed,  A stroboscopic 
light  system  was  furnished  by  General  Electric  and  has  been  installed.  Several  hun- 
dred photographs  have  been  taken  of  airflow  through  the  system  at  various  turbine 
speeds  and  airspeeds  at  Mach  Number  of  approximately  0.005,  Many  of  these  photo- 
graphs have  been  evaluated  and  pressure  distribution  curves  have  been  drawn.  The 
remarkable  fact  proven  by  these  photos  is  that  even  at  extremely  small  Mach  Numbers, 
differences  in  pressure  distribution  can  be  determined.  This  wcric  verifies  the  fact 
that  an  interferometer  is  a useful  and  satisfactory  tool  for  studying  airflow  through 
a turbine  under  dynamic  conditions.  However,  many  problems  must  be  overcome  be- 
fore this  tool  may  be  applied  to  turbines  operating  at  normal  speeds.  A strobo- 
scopic light  having  a shorter  duration  and  a sharper  cutoff  as  well  as  increased 
power  during  the  flash  will  be  required. 


Analysis  work  made  on  the  dynamic  turbine  model  indicated  that 
the  end  effect  of  the  six  stator  blade  assembly  was  possibly  mnniHng  the  actual 
normal  flow  patterns.  A series  of  pressure  pickups  in  the  turbine  section  have 
been  installed  and  attached  to  the  multiple  manometer  setup.  Photographs  of  the 
manometers  give  a permanent  record  of  the  teat  conditions.  The  dams  have  also  been 
installed  at  the  end  of  the  stator  section  to  reduce  the  end  loss.  A short  run  has 
been  made  to  compare  with  other  tests.  As  yet,  the  manometer  data  has  not  beejT 
analyzed. 


The  second  leg  of  the  interferometer  setup  has  been  introduced  in- 
to the  system  and  satisfactory  interference  fringes  have  been  obtained  between  the 
two  legs.  Holders  for  the  45°  rotator  plates  have  been  obtained  from  the  shop  and 
the  rotators  and  polarizers  have  been  introduced  into  one  of  the  legs.  The  work  in 
connection  with  the  study  of  the  influence  of  the  air  dams  in  the  turbine  section  is 
continuing  and  steps  are  being  taken  to  instrument  pressure  pickup  elements  to  mea- 
sure the  frequency  gamut  of  the  disturbances  which  may  be  of  importance  in  connec- 
tion with  vibrational  fatigue  failure  of  the  turbine  blades.  It  has  been  found 
necessary  to  put  non-reflective  coatings  on  the  elements  of  the  small  I-tichelson 
interferometer  on  which  the  study  is  being  conducted. 


CONFIDENTIAL 


High  Speed  Boo  order 

466-2-*  ratfcmt  2 BU  CCKPLSTXQBi  July  1953 
On  cl  as sifted  HSgQgSIBLg  XTSmSTt  leg  falser  gHki  ^29123 
t Beau.  Work  being  accomplished  at  VADC. 

The  purpose  of  this  task  is  to  develop  high  speed  recorders  for 
scientific  investigations . 


TO  DAfg»  Investigations  an  uadentay  to  use  light  rays  on  photococduo  tive 

surfaces  for  depositing  charges  on  sensitised  paper,  also  a system  for  direotly  de- 
positing oharges  on  sensitised  paper]  also  a system  for  direotly  depositing  charges 
oo  paper  by  mesne  of  a specially  constructed  switch  tube  is  being  Investigated. 

' " V.’J 

The  Bethod  of  depositing  a charge  directly  on  paper  has  been  set 
up  on  a vacuum  syeten  and  Is  now  undergoing  test.  The  nethod  of  transferring  the 
electrons  froa  the  beaa  of  the  gm  to  the  paper  with  necessary  fineness  In  granu- 
larity has  been  undergoing  research. 

Both  systems  hare  progressed  to  where  suitable  test  methods  must 
be  devised.  The  basic  phenomena  has  been  established;  the  exploitation  of  this  phe- 
nomena is  proving  more  difficult  than  Its  establishment. 

Installation  of  fas  lilt  las  necessary  for  ultimate  fabrication  of 
an  experimental  model  Is  pending.  Yaouum  equipment,  Including  the  Induction  heater 
are  not  yet  available.  Multiple  sealed  samples  have  been  prepared,  but  a slicing 
wheel  is  needed  for  parting  the  glass  coated  wire.  An  order  for  such  a wheel  has 
been  submitted*  Meanwhile,  a stop  gap  procedure  is  being  developed  for  slicing* 

« # * « 


TITUS t High  Speed  Optical  Comparator 

TASK  BO.  i 466-3-1  PRIORITIi  1C  gST.  COMPLBTICWt  July  1953 

SBCCBIUi  Confidential  BSSPOWSIBia  SdSTCISTi  H.  Kuesters  EXT.  t 29123 

ppTffg  poyiSAOTnR*  Bone*  Work  being  MeanH  ahad  at  ifADC 

PU EgQS Si  The  purpose  of  this  task  is  to  develop  an  automatic  comparator  for 

improving  the  accuracy  of  gunsights  and  other  airborne  optical 
equipment. 

TO  DATS?  fundamental  Measurements  have  been  made  on  airplane  and  sky  contrast. 

A range  finder  has  been  built  end  satisfactory  tests  have  been  conducted  at  targets  ap- 
proximately 1000  ft.  distance,  Aircraft  takeoffs  were  recorded  with  high  signal  to 
noise  value.  Sensitivity  of  the  ays tea  and  its  application  to  various  targets  under  a 
full  gamut  of  sky,  weather  and  tias=of-<iay  conditions  is  being  tested;  evaluation  of 
the  instrument  for  military  use  will  be  made  upon  completion  of  those  tests* 


Project  Re.  466-3-1  (Coat) 

Unstably  installation  of  Anotniwt  electronic 
n' nUgnmnit.  that  lodge  ad  considerable  noise.  A complete  realipaont  of  the  instrument 
was  made  on  a concrete  fleer  tod  decided  isqp  or— ant  la  waveform  vee  obaarrad.  Tlaal 
contrast  threshold  rnsesumsanto  are  delated  until  a helicopter  may  be  ^MaredjelmJtiMU: 
mother  eenditioBe  improve.  Ad  improved  shielding  to  prevent  strep  piakap  le  being 
worked  on.  ' .. 

During  some  testa  ex  the  range  finder  la  the  final  preparations 
for  waking  the  measurements  with  the  helicopter  teat  target,  sons  4iserepa£4ie*  weft 
forsd  In  chape  and  magnitude  of  the  Initiating  tel enetaring  poise.  In  searching 
for  the  cause  of  this  trouble.  It  me  found  that  there  me  a mail  pariicl*  had 
lodged  in  the  slit,  and  that  the  oyiladrioal  1ms  ms  not  positioned  properly  and  the 
multiplier  me  1/L6  of  an  Inch  oat  of  position,  these  were  corrected  and  the  machine 
again  tested  completely  over  the  slit  length  and  me  found  to  be  satisfactory,  the  In- 


troduction of  two  additional  transformer*  has  resulted  in  a redaction  of  the  voltage 
to  tha  multiplier  tubes.  Thus,  the  compensated  pulses  were  eoaiag  out  a considerably 
different'  amplitude  and  were  giving  slight  variations  in  tk»  results.  An  attempt  is 
being  wade  to  eliminate  this  trouble  by  setting  tap  equal  operating  conditions  for  seoh 
nultlplier  tube. 

Extensive  teste  have  been  made  on  the  comparator  against  moving  and 
find  targets  and  the  instrument  has  been  found  to  yield  results  which  lead  us  to  be- 
lieve that  it  is  possible  to  sake  an  automatic  passive  range  finder  using  this  principle. 
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Optical  Amplifier 

466-3-2  PRIOHITTi  1C  B3T.  CCHPLEnCB!  July  1953 
Confidential  KBSP0K3IBLK  SCiam3T»  J.B.  Clemens  k B 
Freed  Radio  Corporation  EXT.  i 29123 

The  purpose  of  this  task  is  to  develop  methods  of  obtaining 
plified  optical  signals  from  ground  to  aircraft. 


Johnstone 


TO  DATE!  Electron  opacity  experiments  were  conducted  an  single  crystals 

and  twinned  crystals.  These  latter  crystals  have  a high  defect  cone  ant  ration.  The  ex- 
perimental technique  used  in  this  investigation  has  been  changed  such  that  the  whole 
crystal  la  illuminated  instead  of  a fine  spot  so  that  an  average  value  response  can  be 
obtained  which  will  bs  independent  of  the  local  variations  within  the  erystal.  Investi- 
gations have  been  made  of  micro  crystalline  semens.  Studies  have  been  made  to  determine 
if  the  removal  of  secondary  electrons  have  any  effeot  on  erasure  time.  Investigations  of 
mioro^orystalline  screens,  with  metallic  aluminusi  deposited  by  evaporation,  gave  a seefa 
higher  contrast  color  under  electron  boabarfesnt  with  ths  sess  conditions  thea  did  those 
screens  with  a£  baokingo 


64 
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FrojMt  *o.  lM-ya  (Oort) 

The  investigation  of  tbo  halogen*  usd  tbo  resultant  r •sutsr>  pro- 
duction u i moult  of  tbo  Insertion  of  sleet roc a into  tbo  latties  boo  been  directed 
toward  ineree>«iag  tbo  «uv«  epeod.  Carrots*  Investigation  soncarna  tbo  change* 
brought  about  by  tbo  introduction  of  small  quantities  of  sensitising  materials  into 
tbo  Kd  forming  tbo  onroino*  9 eontoro  or*  thought  to  bo  gensmted  by  electrons  cap- 
tured by  anion  vacaneiss,  tbot  is,  in  tbo  mm  of.ECl,  and  f canter  remits  where  fu 
alifltWB  attached  itsolf  to  A location  in  tho  lattice  lAno  o ehiarino  <«"  la  aji- 
dag,  This  theory  would  Indio* to  that  by  inserting  o bivalent  -potasslm  salt  whereby 
tbo  onion  boo  a similar  radium  to  tbot  of  tbo  eblorlae  ion,  additional  otdtablo  oalt 
-frr  *>-■*'♦*■*-*-  B^»^  >*•»  »w^Bi*44a.  Qn  the  otbor  baad.  a favorable  eondl- 

tioo  for  erasure  of  P contort  may  bo  creatsd  by  fiold  distortion  by  bivalent  eatiooo 
of  ddlar  radius  E.  k odtobio  oalt  for  this  too  mold  bo  addon  chloride."  Toot* 
nodo  with  a mixture  of  E01  and  laj  otowod  oooontially  complete  erasure  in  1/2  aescnd 
at  94  degrees  to  90  degrees  Oantigrada  tbon  ermdlcateid  dth  a defocused  boon  in  con- 
trast to  15Jf  erasure  in  8 minutes  oltb  tbo  pure  crystal. 

Tbo  eontrmetor  is  continuing  his  investigations,  approaching  tbo 
problem  directly  by  tbo  utilisation  of  eonronticnal  apparatus  and  also  continuing  bio 
investigations  of  otbor  phen  reams  which  appear  attractive  but  ire  not  yet  perfooted 
to  suoh  an  extent  as  to  nake  utilisation  proper.  Tho  so  latter  investigations  are 
oonoemod  chiefly  with  tho  alkali  halides  and  those  crystals  of  the  structure  of  di- 
bydrogon  phosphate.  This  concerns  tho  detailed  investigation  in  fundoaertbal  electron 
capacity  procedures  which  are  necessary  to  increase  tho  contrast  of  the  image  by 
speedily  removing  the  oolor  center,  lbs  so  two  objectives  are  somewhat  contradictory 
to  the  normal  behavior  of  eryetals  and  to  tbs  present  understanding  of  the  electron 
capacity  process.  ,Mhat  is  needed  is  mori  fundamental  understanding  of  this  phenomena, 
sad  in  connection  with  tbo  fundamental  experimental  investigations  in  this  respect, 

Dr.  R.  V.  Gurney,  author  of  the  "Bible"  in  this  field,  has  been  retained  to  investigate 
and  consult  on  these  problems. 


# * * * 
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The  Farrand  Optical  Cbepsay 
The  purpose  of  this  task  is  to  provide  the  theory  for  the  design 
of  high  precision  electromagnetic  aad  electrostatic  micro- 
positlenlag  devices. 


© 


Project  Bo.  466-3-3  (Cont) 


TO  DAIS:  The  successful  test  run  of  the  laboratory  model  has  been  completed 

and  specifications  for  the  pro  production  prototype  have  been  prepared.  The  contrac- 
tor recently  assembled  a complete  serve  system,  which  alloyed  three  inch  ladsotoeyna 
and  the  associated  electronic  equipment,  and  demonstrated  an  accuracy  of  plus  or  minus 
six  seconds  of  arc  ever  the  whole  rage  of  360  degrees.  It  is  expected  that  this 
system  will  be  redesigned  for  suitable  Air  Pores  application. 

. - C 

This  task  has  been  extended  and  further  research  has  been  directed 


This  task  has  been  extended  and  further  research  has  b 
to  achieve  file  seconds  of  accuracy  throughout  340  degress  pins,  and  also 

fmm  #4.14  t>rt 


Farrad  Optical  Company  has  put  together  a complete  servo 
utilising  the  three  inch  iaduetoeyns  end  the  associated  electronic  equipment 
viously  developed  which  demonstrated  an  accuracy  of  pins  or  minus  6 seconds  of  are 
over  the  whole  range  of  360  degress  pins* *  The  reproducibility  of  this  servo 
upon  tape  recordings  was  veil  within  plus  or  vlnas  3 seconds  of  arc. 


A PR  has  been  written  extending  the  work  for  another  15  months. 
The  main  items  called  for  on  the  PR  are  further  research  to  achieve  five  seconds  of 
accuracy  throughout  340°  plus,  sad  a repackage  of  tbs  breadboard  model  into  a sisa 
suitable  for  field  test. 


* * * * 


TITLE  8 
TASK  BO.  8 


t July  1953 

B.B.  Johnstone  BXTi  29123 


Electro-Capillary  Transducers 
466-3-4  PRIORITY » 2 
Restricted’ 

A.  H.  Lucian 

The  purpose  of  this  task  is  to  obtain  fundamental  data  on  electro- 
capillary phenomenon  which  will  be  ultimately  used  in  the  develop- 
ment and  construction  of  practical  transducers  and  sensing  elements 
for  measurement  of  displacement,  force,  pressure  and  acceleration. 


TO  DATS; 
some  tins. 


Due  to  personnel  difficulties,  this  project  has  been  inactive  for 
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TITLE » Stellar  Inertial  Bombing 

TASK  HO- 1 466-4=1  PHIORITt?  33  BSf.  CC&FLBTTQgg  June  1953 

SECURITY 8 Confidential  BBSP053IBLB  SSIBffXSTs  J.E0  Claaanaj  B.  Johnstons 

PRIME  tONIRACTORs  Masaachusetta  Institute  of  Toehaolegy’  EXT.  8 29123 
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Project  So*  466-4-1  (Coat) 

PURPOSE t The  purpose  of  this  task  is  to  devexop  and  test  an  experimental 

model  of  equipment  designed  to  locate  a distant  target,  bomb  it, 
and  retun  to  the  takeoff  position  without  the  use  of  personnel 
during  the  mission,  t *** 

TO  DATE i The  stellar  inertial  guidance  87s tea  known  as  the  FEES  System  has 

been  flown  on  test  flights  with  satisfactory  results.  The  development  of  an  ihert'al 
STB  tea  known  as  SPIES  is  being  pursue.  Bsphasia  is  being  placed  on  the  development 
of  low  drift  gyros,  outer  global  servo  systems,  system  dynamics,  and  the  overall  system 


Satisfactory  progress  has  been  reported  on  Project  SPIES.  Si*  test 
e tends  for  gyro  teat  work  hare  been  crplated  and  are  installed  at  Massachusetts  In- 
stitute of  Technology.  These  new  test  Stands  are  expected  to  speed  up  considerably 
the  gym  experimentation  and  the  development  of  the  SPIES  system* 

First  test  runs  on  this  equipment  showed  erratio  operation,  however, 
adjustments  are  correcting  this  defect* 

Excellent  progress  has  been  made  on  the  global  system  of  SPIES. 

The  fabrication  and  alignment  have  been  completed  and  the  system  is  partially  wired*  . 
A teat  made  on  it  tuned  to  84.3  minutes  as  earth's  radius  pendulum  functioned  satis- 
factorily for  a period  of  approximately  eight  hours. 

The  work  and  fabrication  of  the  SPIES  system  is  continuing, and 
portions  of  the  equipment  are  being  installed  in  the  B-29  test  vehicle.  A continuing 
program  of  the  perfection  end  testing  of  low-drift  gyros  shows  some  degree  of 
advancement. 

« * * * 

Tracking  Control  _ 

466-4-2  PEIOaiTTi  2 SST.  COMPLETION  i July  1953 
Confidential  RESPONSIBLE  SCI3JTI3Ti  B.B.  Johnstone  EXT.i  29123 
Massachusetts  Institute  of  Technology 

The  purpose  of  this  task  is  to  improve  the  performance  of  airborne 
sighting  equipment  for  fire  control  and  interception. 

TO  DATE;  Three  axis  control  of  various  types  of  interception  has  been  worked 

out  for  the  B-26  And  applications  of  this  technique  are  new  being  applied  to  the 
P=94o 
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Project  Bo.  466-4-2  (Cost) 


Boole  research  stage  (Riasa  l)  of  this  took  has  boon  completed  by 
the  contractor,  negotiations  are  In  progress  between  the  contractor  sad  tbo  Armrmaat 
Laboratory  for  tbo  develorunt  stage  (Fkase  IX). 

This  project  is  inactive  as  far  as  Flight  Bsssaroh  Laboratory  is 
concerned  and  ressaroh  In  this  task  will  be  eostlaaed  under  B -466-4  3. 

* • * * 

TITUS  i Transonic  Control 

XABg  no,  i 466^-3~  ~ - . 

ascyni  Confidential  HB3P0BBIBUB  SCIBITI3TI  B.  B.  Johnstone  BCT.t  29123 

PBZIE  OCHTRACTOSi  Institute  of  Toehnolosr 

PUId’OSSj  The  porp^ee  of  this  task  is  to  study  the  design  problems  of  air- 

oraft  control  systems  which  will  have  optima*  performance  In  the 
transonic  range. 

TO  DAXEt  The  contrast  has  been  negotiated  with  the  contractor  mentioned 

above.  A research  group  is  being  organised  and  preliminary  work  has  begun. 

Or.  Guy  Steve r of  XXT  recently  made  a trip  to  England  to  examine 
the  state  of  the  art  in  transonios.  The  findings  of  Dr.  Stever  have  been  confined 
by  Wiliam  Mil  liken  of  Cornell  Aeronautical  Laboratory.  The  conclusions  reached  from 
this  visit  will  be  implemented  into  the  study  phase  of  this  task. 

A report  entitled  "Transonic  Flow  Past  a Wedge  at  Zero  Angle  of  At- 
tack0' hac  been  submitted  by  a member  of  the  Traasonio  group.  The  report  will  be  is- 
sued as  a WADC  Technical  Report  and  given  suitable  distribution. 

The  investigator  has  caq>leted  the  design  of  the  test  vehicles  and 
is  now  analysing  performance  of  these  vehicles  with  respect  to  the  aspects  of  automatic 
control.  This  investigation  will  yield  certain  undesirable  structural  and  aerodynamic 
characteristics  which  will  result  in  the  redesign  of  the  teat  vehicle  and,  in  general, 
this  process  will  be  pursued  until  the  process  converge a,  so  that  continuing  effort 
produces  very  little  yield. 


« # « « 


Project  HARD 
466-6  PRIORI fi  i 2 
Unclassified  thru  Top  Secret 


Continuous 
RB3PCg3ZHLB  SSIBfrrg?,  ifaj  QoAo 

! 23213 
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9 


O 


PRIME  CONTRACTOR » 


Eie  HARD  Corporation;  Seats  Baaics,  California 


PURPOSE:  Long  range,  scientific,  all  Italy  research,  desired  to  air  Air 

Force  decisions. 

TO  DAIKi  Dae  to  the  nature  of  thd  project^  RAO's  studies  arc  contiguous 

end  cover  easy  fields  of  scientific  research.  Reports  tire  submitted  when  any  phase 
of  a study  b*«  been  ooayleted  or  sufficient  progress  made  to  wirrent  a report. 


• * * * 


Graduate  Research 
466-7  TOEBITTi 


K9T.  CUgUOTl  Continuing 


•»L\MA 


The  purpose  of  the  ^eduate  Research 
following: 


Progren  is  to  accomplish  the 


(1)  Explore  the  antnal  interests  of  university  students,  faculty 
and  the  AHDC  in  the  USAF  Research  and  Development  Program, 

(2)  Lrrite  the  attention  of  all  reputable  scientific  institutions 
to  numerous  scientific  problems  now  confronting  the  USAF, 
and  resist  graduate  students  with  the  preparation  of  theses 
pertinent  to  the  solution  of  those  problems. 

(3)  Provide  an  informal  contact  with  reputable  scientific  in- 
stitutions so  that  submission  and  proper  handling  of  research 
proposals  pertinent  to  the  problems  mentioned  above  will  be 

f expedited. 

TO  DATE:  At  the  present  time,  action  is  being  taken  to  formulate  a new 

Suggested  Theses  List.  The  various  laboratories  within  VfADC  which  have  been  solicited 
for  graduate  thesis  topics  have  responded  with  many  worthy  topics.  Upon  completion 
of  this  list,  it  will  be  distributed  to  carefully  chosen  s&ientifio  institutions  of 
learning  with  an  accompanying  letter  telling  of  the  aims  and  functions  of  the  program. 
It  is  planned  to  have  seme  personal  contact  with  universities  which  show  particular 
interest  in  the  program  and  in  specific  research  projects. 

# # # * 


TITLE! 
TASK  HO.: 


An  Investigation  of  ths  Properties  of  Single  Synthetic  Crystals 
469-1-2  PRIORITY:  2 1ST.  COMPLETION:  July  1953 

Unclassified  RESPONSIBLE  SCISmST:  Lt  Col  S.J.  Czyxak  mi  22154 
Soae.  Research  being  performed  by  WABG. 
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Project  Ho.  469-1-2  (Cent) 


ESSSSS*  The  parpOM  of  this  task  is  to  Investigate  the  pfcysie/ii  properties 

of  elngl*  synthetio  crystals  and  dsrise  & no  re  comprehensive  theory 
which  would  correlate  tke  various  orystal  effects. 

TQ  PAXBt  Of  the  six  ftroaoe*  (4  coabusticn  tjpe,  2 brldgcam  type)  taler 

’ construction,  two  hare  been  co opiated  and  ins truncated  sufficiently  that  crystals 
m*Y  bm  gr*mm.  At  nresant.  flinola  crystals  of  2nS  and  CdS  are  being  grown  by  the 
subllaation  method* 

The  preliminary  equipment  for  photo  conductivity  Measurements  has 
bean  sat  up.  (At  the  present  only  the  order  of  nagnltaie  of  the  current  was  deter- 
nlnad.)  The  sat  up  is  being  refined  for  quantitative  masur mints  of  photo  conduc- 
tivity. f \ 

The  design  and  construction  of  the  Hall -Bff ant  apparatus  is  now 
undanny  and  it  la  anticipated  that  this  will  be  ready  in  approximately  five  (5) 

■oaths* 

* * * • 

TlgJt  Investigation  of  Large  Air  Sharers 

TAg  HO. » 469-2-2  PHIOKITTi  2 S3T.  CCHPISTIOHi  September  1992 

Unclassified  BBSPCHSIHLg  SCIBffXSTi  HaJ.  R,  Hart  BCT.i  221*4 
EBDg.  COBTBAOTOSr  Tufts  College 

I2335S*  purpose  of  this  task  is  to  inerea as  our  knowledge  of  condo 

radiation,  and  investigate  the  possible  ionisation  effects  of  cosaio 
rays  on  AP  personnel  and  equipment. 

TO  PATH t A coincidence  array  consisting  of  four  large  pulse  type  cylindri- 

cal ionisation  chambers  has  been  in  operation  at  Tofts  Collage  far  sone  time  and  the 
data  collected  ie  now  being  analysed.  It  is  believed  that  the  results  will  yield 
information  on  the  hi£i  energy  extras®  of  the  ooesie  ray  spectrum.  A \si*ilar  appara- 
tus consisting  of  large  spherical  pulse  type  Ionisation  chambers  is  now  in  operation 
for  making  continuous  measurements  on  the  frequency  of  occurrence  and  else  of  air 
showers  at  sea  level* 

A fire  in  the  laboratory  at  the  first  of  this  year  caused  considerable 
lose  and  dacag©  to  this  ©quipmsat*  a©  repairs  and  recalibratien  has  caused  unavoidable 
delay  in  eoapletioa  of  the  research  and  submission  of  the  final  technical  report*  lie 
project  will  be  terminated  as  soon  as  this  report  is  reeeivedo 

b o o o 


j'ffBDsni® 
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RESTRICTED 


TASK  HO. i 

immnt 


ttsOX7  ©f 

469-2-6  PgOgTfTt  2 BT.  CCKPLgnCBi  1 Yr  fra  date  of  Contract 
ttelaMiaBd  mMBXaAnmmt  Kaj  Hart  SQ.t  22154 
Univarsity  of  Detroit  — . 

The  purpose  of  this  task  is  to  study  tbs  behavior  of  eleasataxp 
particles  so  that  a satisfactory  theory  of  matter  may  be  de- 
veloped which  will  not  break  dra  when  applied  to  the  interaction 
of  particles  and  structure  of  matter* 


TO  DA«t  . Ooctraot  hM  b-cs  »«rdsg  sad  thalayectlgatpr  has  begun  work  on 
the  project,  the  first  phase  consisting  of  a literature  seareh  is  complete. 

«««» 


mm 

IMUSa.> 

ssm m* 

pmw  tnrnnnfm, 

U££BUUUOiUSr 

ms&* 


Interaction  of  Radio  Frequency  Radiation  with  Hatter 

469-3-3  PgfflES*  2 HLuSSBSSSS*  3.954 

Unclassified  qoiggISTi  Ocpt  H.  Payne  g£»  22154 

Ohio  State  University 

The  pnrpoaa  of  this  task  is  to  obtain  further  information  on 
molecular  structures,  atomic  magnetic  momenta  and  their  inter- 
actions with  crystal  lattices,  nuclear  spina  and  magnetio  mo- 
menta, nuclear  spin-op in  and  spin-lattice  interactions,  nuclear 
quadrupole  interactions  and  tranaitiona,  and  other  nuclear  data 
with  possible  applications  to  solid  state  physios. 


TO  PATH  1 The  contract  AF  33(6l6)-29  was  awarded  in  February  to  Ohio  State. 

Two  radio  frequency  spectrographs  for  studying  nuclear  magnetio 
resonance  effects  have  been  plaeed  in  operation.  Also,  a spectrograph  for  studying 
nuclear  quadrupole  transitions  has  been  designed  and  plaeed  in  operation. 


The  development  of  electronic  circuits  aid  special  equipment 
needed  in  contemplated  work  is  underway. 


• # # • 


TITUS  « 

TA3I  HO. I 
SECDRITTi 
Pgng  MMTRACTORl 


kLLliydil 


Cross-Section  Measurement* 

469-3-4  PRIORITY;  2 gST.  CCHPLMXCWt  Kay  195? 
Unclassified  55SP0KSIHL3  SCIgTTI3Tt  Maj  Hart  ||T.t  22154 
Sore.  Eoaeareh  being  performed  by  WA£C0 
a©  purpose  of  this  project  is  to  dotoraia©  the  neutron  ab- 
sorption sad  scattering  (both  clastic  end  inelastic)  cross 
sections  on  various  materials  of  interest  to  the  ASP  prog rea. 


'TUKSFll© 
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PxojMt  So.  469-3-4  (Coat) 


TO  DAIBt  Design  plane  of  shielding  am d radiation  monitoring  netted*  hart 

bam  appmmd  by  the  Bam  Surgeon's  Office.  shield  for  a radioactive  neutron 
•owfM  la  roaring  o^Utiao  sad  tbo  neutron  aourc*  tad  otter  ainiti— it  boo  beam 
ordered,  '' 

« • * • 

TITLE t Bedicmetrio  sad  Iaotopio  Dilution  Analytical  Techniques 

TAg  10,1  lufamJtm.'l  MKBHTTi  A ttHT.  mwueyrm,  nmmmAmm  10*9  

an>  tteOoooifite  *SSeCB3IBtt  aPXaPttSTt  ted  Bert  ggt  22154 

£ES£LJ3S3B&i£BE*  Tample  ttalreraily  Research  East! tuts 

fS£2£*  Ite  purpose  of  this  tote  is  to  oondaot  research  in  the  evolution 

of  ■ lapis,  rapid,  sad  loir  eost  isotopic  aetbods  sad  techniques 
for  the  doteralBstiea  of  the  impurity  eontent  of  eertsla  aetsls. 

TO  DATS  i Most  of  the  oquipamBt  Is  non  In  operation  and  several  batches  of 

regular  aagrgen-airoonlua  sad  oaygeo-titanina  alloys  hare  been  prepared.  Also  sene 
oaygm-1*  enriohed  oaygsn-ZiroonitHi  master  alloys  have  been  prepared,  A literature 
mrvey  of  methods  of  preparing  and  analysing  samples  of  allay*  containing  0,  V,  8, 
end  H is  nearing  completion. 

Results  obtained  upon  analysing  the  various  eopper-^ygen  samples 
proved  the  Isotopio  method  of  Analysis  capable  of  providing  accurate,  reprodueable 
results.  Bp  refining  the  methods,  very  accurate  data  on  Impurity  traces  will  be 
obtained,  The  contractor  la  now  in  the  process  of  accomplishing  this  phase  of  the 
work. 


Several  sample s of  iron,  titanium  and  chromium  containing  va- 
rious concentrations  of  oaygan  vers  analysed  by  the  mass  spectrograph,  Results 
have  not  a a yet  been  returned  from  Consolidated  Sigineering  Corporation  in 
Pasadena,  California. 


* * # * 


TITLE i 

I63LS.fi- » 

SECURITY! 

PRIMS  CCOTTRACTQRf 
PURPOSE? 


Heutroc  Spectrometry 

4oy-5-2  PHI QEITT t 2 SSTe  QO£PLBTI(gi  Deceaber  1952 
Unclassified  HBSPCBSIBI£  9CIESTI3T>  S.J.  Caysak  SXT.i  22154 
University  of  Chicago 

The  purpose  of  this  task  is  to  investigate  the  feasibility  of 
various  asans  for  the  energy  saasureaarxt  of  bi gfa  susrgy  aoutroas 
end  to  co  as  trust  equipr-ant  to  perform  such  Bs&surstantso 
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RESTRICTED 

Projwt  lo.  (Oast) 

TO  My  i A contract  for  the  wmwh  indicated  abets  hu  Teoently  be m 

negotiated*  The  oontfeetor  hu  ee^leted  tits  eonctruetiosi  sf  * high  tsagwratm* 
furnace  far  crystal  groviag.  Work  hu  started  oa  tbs  graving  sf  lugs  single, 
llthlni  tungstate  crystals  far  tbs  spectrometer.  Coaetruotieo  of  tbs  electronic 
equipment  for  the  spectrometer  is  sow  finished* 


• « • • 


SS&f 


TAB  10. 


BBjamssB* 


Stody  of  the  Behavior  of  Oasee  at 

469-5-3  mmmi  2 


PBXCBITIi  2 PT.  0«FlgTI«U  October  1952 
Unclassified  Capt  Payu  g.  22154 

Kona.  Research  being  aoouifiliahod  at  ViSO. 

The  purpose  of  this  bade  is  to  provide  a basis  for  deriving 
formulae  relating  snsh  quantities  as  the  host  transfer  temperature 
and  velocity  gradient,  etc.,  of  a gas  at  a boundary  surface  la 
terns  of  kaosn  physio al  constants, 


TO  PATB»  A literature  survey  hu  been  made*  Calculations  on  the  behavior 

of  gases  at  boundary  surfaces  art  being  refined.  The  theory  hu  been  modified  to 
consider  tins  as  a variable.  The  Investigator  tested  the  validity  of  the  basie 
equations  used.  The  tests  have  revealed  oertaln  erroneous  assertions,  so  that  s 
near  approach  to  this  problem  hu  been  adopted. 

Under  this  arrangement,  the  coefficients  going  with  the  series  terms 
In  the  approximation  expression  of  the  moleoular  velocity  distribution  funoticn  at 
the  vail,  are  so  chosen  as  to  give  the  most  rapid  approach  In  moving  from  the  vail 
to  the  function  u ousted  valid  at  a great  distance  from  the  vail.  The  validity  of 
the  assumption  mill  be  Inferred  from  the  results  obtained. 

* * « « 


TITLE: 
TASS  SO. i 
SEC  PETTY  t 


Study  of  Rapture  Phenomena  in  Polymers 

469-5-4  PRIOBITTt  2 SST.  CQMFLSTICSt  March  1953 

Unclassified  BBSPOBIELS  SOIZSTISTt  Col  Cpysak  SfT.i  22154 


University  of  Cincinnati 

The  purpose  of  this  supplement  is  to  study  the  tensile  strength 
distribution  of  polymers  as  a function  of  the  non-dominant  struc- 
ture and  this  should  make  it  possible  to  obtain  valuable  infor- 
mation concerning  non-dominant  structure  by  the  detailed  inves- 
tigation ©f  these  distributions.  Such  a study  should  also  alien 


nanraoCTBr 

Project  Bo.  469-5-4  (Coot) 

» c 

soon  deduction  to  bo  nade  regarding  the  relation  between  atonic 
or  aolacolar  forces  and  teohnioal  cohesion. 

TO  DAttt  Contract  was  negotiated  la  June  1952. 
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METALLURGY  RESEARCH  BRANCH 


77m  Metallurgy  Research  Branch  provides  guidance,  advice  and  aetietance 
to  the  USAF  on  research  problems  in  the  field  of  metallurgy  as  ppplied  to 
USAF  application..  The  Physical  Metallurgy  Research  Section  is  responsible 
for  research  in  physical  metallurgy  including  deformation  of  Mtal*  at  nor- 
mal and  elevated  temperatures,  the  structure  of  metals  and  alloys  and  cer- 
tain aspects  of  solid  state  physios..  The  High  Temperature  Research  Section 
is  responsible  for  research  an  high  temperature  materials  including  cast 
end  wrought  alloys,  Mtal-otraaie  bodies  aid  pure  ceramics. . Titmiium  and 
Light  Metals  Research  Section  i«  reeponsible  for  the  development  of  alloys 
and  evaluation  of  light  metals  for  aircraft  explication,  including  research 
in  titanium,  magnesiusi,  and  aluminum  fields.  A Steel  Research  Section  is 
responsible  for  research  in  the  ferrous  field,  principally  concerned  with 
improvements  in  mechanical  properties  of  lorn  and  medium  alloy  steels  through 
changes  in  competition  or  heat  treatwnt. 


STEEL  STS9BTH  LEVELS  AES  O03»  OT1 


The  albay  steel  progrea  la  the 
Flight  Jteeeareh  Laboratory  la  contributing  valuable  data  occoarolajg  tho  oh 
of  atoala  at  strength  levels  ranging  fra  220,000  to  250,000  pal.  la  cca>- 
poeaata  such  u loading  gaar  struts.  The  present  useful  strength  level  la 
tram  200,000  to  220,000  pal*  Data  obtained  on  tvo  new  steels  boat  treated 
to  high  strength  levels  Kill  be  of  great  benefit  in  proaotlng  their  use  aa 
soon  aa  possible*  One  of  these,  a vsnsrilm  nodlfie^  SAS  4330  (MS  6427),  baa 
been  rather  thoroughly  evaluated  sad  Kill  be  quite  useful  at  220,000  to  240,000 


pax*  or  Higher  Bwouguu* 


nwnywiM** 


SUVA 


vain  strut  nade  of  *Ey-Tuf " steel,  shows  that  this  steel  has  superior  load- 
carrying  capacity  to  the  presently  used  steels  and  that  it  wmld  be  useful  la 


IMPROVEMENT  IN  Him  STRENGTH  STEELS  AS  A RESULT  OP  RESEARCH 
ON  COMPOSITION,  HEAT  TREATMENT  AND  P0R6INS  PRACTICE. 

the  range  from  220,000  to  240,000  psi*  Still  another  phase  of  the  program  has 
yielded  a steel  composition  which  has  promise  for  use  at  250,000  psi. 

Redesign  of  new  landing  gears  to  make  use  of  the  high  strength  level  of 
these  steels  will  permit  substantial  savings  of  weight  on  large  landing  gears* 


TITLBi  Comet  Bodies  Containing  511  loon 

TASIMO.i  463-4-1  PRIOBTITt  2 33T.  CCHPUnOh  July  1953 

SBOCBITTt  Unclassified  gBSPOiaiBLS  SOiamSTt  K*A.  Schwarts  sa*  26290 

1 Sane.  Work  Being  acccnpliahsd  at  WABC. 

POBPOSSt  The  purpose  of  this  task  is  to  a tody  and  develop  new  fabricating 

techniques  and  new  materials  of  ceramic  and  cermet  compositions 
for  use  in  aircraft  as  power  plant  components  sad  for  pther  ap- 
plications which  are  of  interest  to  the  Air  Force* 

TO  DATS  1 SiC-aet&l  systems  are  being  Investigated  for  use  both  aa  turbine 

bucket  materials  and  as  crucibles  in  which  to  Belt  titanium*  is  the  crucible  work, 
tr?  tIT  n riitSC-"**-*1***^  <— *MmU(L  »nA  fmwwj  — lFfttil  (if  ftCtCHT  t H5h.i 

(11. B$  oxygen),  TUC0  , (9.1$  carbon),  ecu  .ICq  « (7*7Sf  carbon)*  Calcium  oxide 
compounds  and  silloctfoarbon-titaniua  mixtures  have  indicated  sene  theoretical 
promise  and  are  being  investigated.  Various  crystalline  modifications  ef  310  are 
being  investigated  as  to  stability  and  to  possible  application. 

• • * e 


TULEi  - Bssearch  on  Befraetory  Materials 

Wk  m- » 463-4-2  FKOBXTti  2 &T>Jgfgj^i;qg»  July  1953 

SSCUBITYi  Unclassified  SSSSSMSJSfSffSl1  K*A*  Schwarts  ggTt  26230 

F8DH  COMTRACTCBi  Hone*  Work  being  accomplished  at  VADO. 

PUBPOSSi  The  purpose  of  this  task  is  to  develop  high  temperature  ceramic 

and  cermet  materials  for  petential  aircraft  application. 

TO  DATBt  A study  was  completed  on  the  Influence  of  porosity  ranging  from 

0 to  6o£  on  the  strength  of  pure  sintered  AI2O3  and  sintered  stabilised  ZxOj*  Am 
almost  exact  relationship  was  indicated  for  the  two  materials.  Tests  will  now  be 
conducted  to  investigate  orderly  and  precise  arrangements  of  pores  in  the  form  of 
longitudinal  holes*  - 

Studies  on  the  use  of  ZrOg  as  a cermet  component  hare  been  con- 
fined to  studies  concerned  with  its  stabilisation.  When  sintered  to  I860??  for  one 
hour,  14$  MgO  (using  Mgfg)  was  shown  to  stabilize  completely  the  Zr02*  Thermal 
shook  sensitivity  of  ZrCfy  containing  natal  additions  will  be  investigated  and  pro- 
tective coatings  for  Zr02-metal  bodies  will  be  developed. 

A small  high  temperature  gas  furnace  has  been  completed  and  will 
be  employer  for  firing  specimens  to  temperatures  ranging  froa  1800°C  to  2300°C* 

ft  * # o 
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TITLE: 

TASKJO.I 

33CUH]TY> 

PRIME  COBTRACTORi 


Research  on  the  Deformation  of  Metals 

463-5-1  PRIORITY!  2 BST.  OOfePISTIOS!  May  1954 

Unclassified  KB5P0SSIB13  METALLURGIST!  E.J.  Hassell  ECT.i 


26230 


Qeneral  Electric  Research  laboratory 

The  purpose  of  this  tasU  Is  to  support  basic  research  on  the 
deformation  of  metals  in  order  to  establish  relationships  be- 


tween changes  of  structure  will  lead  to  improved  metals 

and  more  accurate  predictions  of  their  creep  properties  at 


elevated  takers  tunes. 


TO  DATE 8 A report,  0 Recovery  and  Creep  in  an  Alloy  Steel, B by  H.  A.  Lequear 

j j^rT^  T‘*v*V*j  ■«»«*—**  B.vMI»»»  iaja^  Mui  gtwn  »HH«  Bia 

mechanical  properties  of  a chroassatoly— vanadium  steel  were  studied  in  sosas  detail.  By 
interrupting  a creep  test  and  observing  that  the  creep  rate  is  higher  after  the  in- 
terruption than  before  end  by  further  observing  that  the  amount  of  creep  increases 
with  the  duration  of  the  interruption,  it  is  possible  to  establish  that  recovery 
(reduction  in  the  amount  of  strain  hardening)  has  occurred.  Recovery  occurs  in 
quenched  and  tempered  Cj>4fc>-V  steel  at  lOOO^P,  but  not  at  800°P.  When  recovery  oc- 
curs, the  plastic  creep  rate  becomes  constant.  The  time  required  for  the  creep  rate 
to  become  constant  is  proportional  to  the  applied  stress.  La  the  absence  of  re- 
covery, the  plastic  creep  rate  decreases  continuously.  Although  recovery  influences 
creep,  it  obviously  does'  not  cause  the  creep  because  there  is  pronounced  creep  at 
800°P  where  recovery  does  not  occur. 


Analysis  of  the  data  obtained  from  creep  tests  of  wires  of  pure 
silver  at  600°,  400°,  200°  and  25°C.,  after  annealing  at  900°,  800°,  700°C.  to  pro- 
duce three  different  gram  aisee,  is  underway. 

Testa  on  oopper  at  room  temperature  have  been  completed.  The 
creep  behavior  in  any  range  of  strain  can  be  calculated  with  Sufficient  accuracy 
for  practical  purposes,  using  the  tensile  curve  and  the  rate  change  accompanying  a 
small  stress  increment. 


* * * * 


TITLE  r 

TASK  NO.  l 
SECURITY : 

PRIME  CQNTRACTORi 
PURPOSE: 


Mechanical  Properties  of  Ferrite  and  Austenite  Single  Crystals 
at  Low  Temperatures 

46 3-5-4  PRIORITY!  2 EST,  COMPLETION  t September  1953 

Unclassified  RESPONSIBLE  METALLURGIST!  Lt  7.D.  Smith  EXT.!  26230 
University  of  Pennsylvania 

The  purpose  of  tM  a task  is  to  perform  fundamental  research  in 
metallurgy  that  any  eventually  lead  to  the  improved  performance 
of  steels  at  low  temperatures. 


e 


rp  c?  CPffTi  n rp  n^S 
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Project  So,  463-5-4  (Coast) 


TO  DAT8>  Additional  testa  ca  Ingot  iron  single  crystals  here  been  per- 

formed in  tension  end  eoapreealca.  Thro®  crystals  were  daforaed  in  tension  at 


105%*  to  obtain  data  at  another  low  temperature  approaching  the  projected 
liquid  air  testa.  Oritieal  resolved  shear  stresses  in  the  vaeinity  10,000  psi 
obtained.  Also,  in  two  of  the  three  apeolnaQB  tested,  twinning  was  ob- 
* by  emanation  of  a "clicking"  sound  siaultaniwtialy  with  a alight  drop  in 
the  autographic  load-elongation  curve  and  microscopic  observation.  A “harp  drop 
in  load  was  not  observed  at  the  Initiation  of  yielding  at  this  temperature  Com- 

press ion  teste  were  Bade  on  specimens  of  two  orientations  eaoh  at  180°C.,  ,0°C., 
**>*0*,  ■-  ih  w« ■ rijgMaWL at.  any  tamiie nijjij  e The  critical 

resolved  shear  stress  values  fall  on  the  asms  curve  (G.R.8.  vs.  temp.)  that  con* 


tains  the  values  obtained  in  tension.  The  plane  of  glide  is  roughly  the  saas  in 
oonpresaiaa  as  in  tension,  i.e.,  close  to  the  plane  of  «»»<»>■>  shear. 


Six  single  crystals  of  the  pure  titanium-killed  ferrite  (,26°/o 
added  Ti)  were  deformed  in  tension  at  liquid  air  and  room  temperature.  Data  on 
the  critical  shear  stress  far  the  roam  temperatures  tests  were  obtained,  and  where 
possible,  an  analysis  of  ssterisa  in  lane  photographs  was  carried  out. 


« • « * 


TTELBt 

TASK  «?.« 

SBCURmt 

PKDC  COHTRACTORi 

PURPOSE! 


Dynamic  Microscopic  Recording  of  Crystal  Growth 
463-5-5  PHKKITT!  2 E8T.  CdgLBTIOM!  May  1954 
Unclassified  BBSP0M3IBLS  SCIBTISTi  5.J.  HasseU  EXT.i  26230 
Johns  Hopkins  University 


The  purpose  of  this  task  is  to  support  fundamental  research  on 
microscopic  recording  of  the  deformation  in  metals  as  s result 
of  stress  or  temperature  with  a view  to  introducing  a new 
technique  for  metallurgical  investigations. 


TO  DATBt  Analyses  of  recent  tests  and  the  motion  picture  film  record  of 

the  plastic  deformation  of  high  purity  alumimm  have  been  made.  Propagation  of 
slip  bands  at  finite  rates  up  to  7600  microns  per  second  was  observed  at  positions 
corresponding  to  the  head  of  the  slip  direction.  A similar  propagation  of  slip 
bands  at  positions  parallel  to  the  slip  direction  has  not  been  observed  to  date. 
Strain  hardening  retards  the  rate  of  propagation  and  is  a factor  controlling  the 
location  of  a given  slip  band.  It  is  concluded  from  the  geometry  of  addition  of 
slip  bands  that  one  band  can  extend  its  hardening  effect  to  its  neighbors.  'Die 
unit  process  of  slip  is  considered  as  a shear  of  a row  of  atoms  in  the  slip 
direction.  The  growth  of  a slip  band  is  considered  as  resulting  from  progressive 
participation  in  the  shearing  process  by  successive  rows  of  atoms.  Experimental 


Project  So.  4&3-S-5  (Coat) 


methods  cad  analysis  of  results  are  presented  la  » technical  report  Hfnmie 
formatico  of  Slip  Bode  in  Almrtxna”,  dated  10  ipnl  1952,  toy  I,  L.  Chen  aad 
B.  B.  Pond. 

Stark  la  continuing.  oa  methods  for  crystals 
containing  fewer  laperf actions  than  normally  present. 


* * • * 

3olatloi  fluoi7 

443-5-6  1 pyratrrr.  a.  Kff.  aamxrrrm. 

Pnalsadflsd 
University  of  Pennsylvania 
Ihe  purpose  of  this  taak  la  to  obtain  fundamental 
on  the  neehaaian  of  eolation  allaying  In  w 
order  to  broaden  the  Information  available  concert 
feet  of  foreigi  atoaa  oa  baee  allays. 


HaaeoU  MS.  t 26239 


concerning  the  ef- 


TPPABt  X-ray  leawtrancgtat  After  severe!  attempts  to  grow  single  crystals 

of  copper-gold  alloy,  one  of  the  desired  cite  has  finally  been  obtained,  containing 
25  atonic  percent  copper.  After  mounting  In  the  furnace,  room  toperatore  measure- 
ments have  been  made  to  datendne  the  absorption  eorreetlon  for  the  nickel  shield- 
ing and  to  provide  one  point  on  the  taaperature  diffuse  scattering  curves  needed 
for  data  correction  at  higher  temperatures.  X-ray  neasurenanta  are  now  underway 
at  elevated  temperatures  Just  below  the  critical  ordering  temperature  (Approx. 

39000). 

t Single  crystals  of  Cu-An  alloy 
containing  5.  10,  15  ami  20  atomic  percent  gold  were  groan  cod  annealed  to  de- 
finitely establish  homogeneity.  Pinal  interferometric  measurements  are  msderway 
to  determine  the  plot  of  true  coefficient  of  expansion  versus  temperature. 

Resistivity  Measurements » These  are  being  made  over  the  range 
450°C,  aad  data  for  the  critical  ordering  region  (390^0)  for  Cu^Au  will  soon  be 
completed. 

# * e « 


Research  on  Diffusion  and  Related  Phenomena 

463-5-9  PRICSTr?*  2 BST0  CCMPIBTIOBt  September  1953 


SO- 


Project  No.  463-5-9  (Coot) 


Unclassified  HESPQKaiBLg  METALLURGIST!  S.J.  Hassell  KT.t  26230 
Massachusetts  Institute  of  Technology 

The  purpose  of  this  task  is  to  provide  the  basis  for  sn  i»- 
prored  sad  aore  useful  theory  to  describe  the  of  the 

diffusion  process  in  astals* 

22J&IS*  BiffSSioat  A paper,  "The  Measurement'  of  Self-Diffusion  Coef- 

ficients by  Autoradiography"  by  H.  C.  Oates  and  Ahmed  Assam  has  been  submitted  to 

j/wmml  fn-  hmKI iRMti -w  - 


aacoHiTgt 
PRIME  CONTRACTOR! 
PCHPOBBt o 


__ » Significant  improvements  were  made  in  the 

tedmiqpe  for  producing  pure  molybdenum  by* decomposition  of  gaseous  K0CI3.  Vhm 
bare  and  tubes  of  molybdenum  produced  by  this  method  vers  rolled  and  swaged,  ccn- 
siderahls  ductility  was  evidenced.  The  temperature  of  rwarytsin  on  ms  as 
low  as  any  reported  in  the  literature,  indicating  a high  purity  of  tha  molybdenum 
eo  produced. 


Defamation  of  Alm^pyy  Creep  testing  of  coarse  grained  and 
singla  orystsl  specimens  of  high  purity  aluminum  was  carried  out  from  400°F  to 
1200°P.  Slip  bends  were  observed  in  ell  oases,  Metallogrepfaio  and  X-ray  methods 
revealed  tbs  presence  of  sub-grains.  These  are  larger,  the  lower  the  applied 
stress.  The  average  else  of  the  sub-grains  is  smaller  than  the  average  hand 
spacing.  The  results  suggest  that  the  slip  process  is  the  mechanism  of  de- 
formation at  both  high  and  low  temperatures.  Sub-grain  formation  is  probably  due 
to  a polygoaiaation  process  originated  by  local  beading  and  simultaneous  an- 
nealing. It  appears  that  the  well  known  difference  In  ths  over  all  high  and  low 
temperature  behavior  of  polycrystalline  material  ia  related  to  the  grain  boundaries 
and  not  to  the  grains. 


* * * # 


TAg  NO., 
SECURITY! 

PRIME  CQSTEACTORt 
PURPOSE! 


Metallurgical  Translations 

463-5-10  PRIORITY!  2 EST,  COMPISTIOSi  September  1932 
Unclassified  RESPONSIBLE  METALLURGIST!  E.J,  -Hassell  EXTi  26230 
Henry  M.  Bruteher  ” 

Bis  purpose  of  this  task  is  to  translate  Russian  Metallurgical 
Journals  of  interest  to  the  Metallurgical  Rase arch  personnel 0 


TO  DABS 3 Seventeen  (1?)  translations  frea  the  German  fad  Russian  technical 

literature  on  various  metallurgical  subjects  have  been  obtained  from  Mr,  Bruteher 
during  the  past  three  months. 


I 


TAg.  SO.! 

ssmmt 

nuuxmmtmt 

mm* 


TO  DATE  i 
to  j*9ort. 


RiSTBiCTiD 


Application  of  X-rey  Techniques  to  a Study  of  Plastic  Befonsatien 

463-5-11  PSICaiTTi  2 BST.  CCMPLmOHi  April  1954 
Unclassified  B333PCB5Ig£  IBTAIIAffigISTi  E.J.  Basssll  OTt  26230 
Rational  Bureau  of  Standards  ° 

Tbs  purpose  of  this  task  is  to  preside  information  on  tbs  fun- 
damentals of  plastic  deformation  for  aid  in  understanding  many 
aspects  of  too  asohsaiosl  behavior  of  metals* 

Procurement  negotiations  wars  recently  completed*  Ho  progress 


* # * * 


THLBi 
TAg  H0*t 

macuaiwi  * 

PUBPOSBi 


Fundamental  Study  of  Seising  sad  Metals 

463-5-13  FBIOBrm  2 BST.  OCMPUSTIOHi  January  1954 
Unclassified  BBSPCiSIHLB  MBTAlLDBOISTt  B.J.  Hassell  §£*  26230 
ColtHnbla  University 

The  purpose  of  this  task  la  to  investigate  and  establish  the 
principles  governing  seising  and  galling  in  metals*  Bnphasia 
is  to  be  placed  on  titanium* 


TO.  DAIBi  A friction  measuring  device  has  been  constructed.  This  is  a 

nodifioation  of  the  classic  Bowden-Leben  design.  Provision  has  been  made  to  ob- 
tain clean  surfaces  by  use  of  a shaper  and  friction  measurements  vill  than  be  made 
in  a controlled  inert  atmosphere. 


e * * * 


TITLBt 
TASK  HO. x 


PRMB  CQNTBACTOBi 


li'JRk'.'i 


Technical  Book,  Constitution  Biftgr&as  for  Binary  Alloys0 
463-5-14  PRUZITTi  2 BST.  CCHFLSTICSt  Ay  1954 
Unclassified  TOSPfBffng^  MBTALUHPISTt  5.J.  Hassell  Zgtx  26230 
Armour  Research  Popndation 

The  purpose  of  this  task  is  to  bring  the  only  comprehensive 
metallurgical  book  on  Constitution  diagrams n up-to-date,  and 
to  publish  it  for  the  first  time  in  &glish,  thereby  greatly 
increasing  its  utility. 


TO  DATS  8 Contract  AP  33(61 6) -193  has  recently  bean  negotiated  for  the 

procurement  of  this  book. 


ft  ft  ft  ft 


TASK  HO. 8 


Identification  of  Minor  Phases  in  Alloys  by  Electronic  Diffraction 
463°5=15  PRJ.ORTm  2 COMPLETION  8 January  1953 


m 


/ 


Project  So*  463-5-15  (Coot) 

Unclassified  ^»«aTgL8  lBTAUCTM3Tt  Li  V.D.  Smith  g£Ti  26230 
University  of  ffl.chigaa 

The  purpose  of  this  task  is  to  furnish  reliable  information  on 
the  presence  and  ocnpoaitioa  of  minor  phases  in  the  alloys  need 
in  the  high  temperature  ooaponente  of  modern  aircraft  engines  and 
to  aid  in  tho  development  of  the  , Uaciples  of  the  metallurgy  of 

♦ilW-tll— a : : •- 


TO  DATS i Present  results  include t (1)  The  identification  of  a Cb<M3bS 

phase  In  8-155  and  3816  allays]  (2)  Strong  indications  of  an  *Z&6  carbide  and  af 
a face  centered  cubic  phase  vith  a unit  call  edge  of  6*0  A in  5-155  alloyj  and 
(3)  Tho  identification  of  an  HgC  phase  in  16-25-6  alloy. 

Studies  are  being  carried  out  to  select  suitable  polishing, 
etching,  and  rinsing  procedures  for  preparing  specimens  of  16-25-6,  3816,  In- 
oonal-X  and  Isv-carbcn  8-155  alloys  for  electron  diffraction  studies  as  veil  ae 
electron  microscopy  studies.  Two  good  methods  have  been  worked  out  for  16-25-6 
and  it  appears  that  work  on  this  alloy  will  be  completed  in  the  near  future. 
Difficulties  have  been  encountered  in  preparing  samples  of  lev-carbon  8-155  al- 
loy for  electron  diffraction  studies. 

Further  studies,  directed  toward  the  correlation  of  the  oc- 
currence of  the  minor  phases  with  the  metallurgical  treatments  and  micros tructures 
of  the  alloy  specimens  are  in  progress. 

Determination  of  Diffusion  Rates  in  Titanium  Base  Alloys 
463-5-16  PRIORITY t 2 KST.  COMPLETION:  May  1953 

Unclassified  RESPONSIBLE  METALLURGIST!  E.J.  Hassell  EXT. : 26230 
Battelle  Memorial  Institute 

The  purpose  of  this  tAsk  is  to  determine  the  diffusion  rates 
in  titanium  of  such  elements  as  Or,  Mo,  Mo,  Fe,  and  A1  which 
are  generally  used  in  making  commercial  titanium  alloys  and 
of  other  elements  (0,  N,  C)  which  are  often  present  during 
the  commercial  heat  treating  operations  on  these  alleys « 

TO  DATE?  This  contract  has  been  recently  negotiated.  The  pure  titanium 

necessary  for  the  work  has  been  ordered  from  the  Foote  Mineral  Company.  tJeing 


TITLE > 

TASK  NO. l 
SECURITY  i 
PRIME  CONTRACTOR: 
PURPOSE: 
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Project  So.  463-5-16  (Cant) 


material  already  on  hand,  the  chenlcal  etching  characteristics  aa  wall  as  the 
technique  o f bonding  titanim  to  titanium  alloys  is  being  studied  to  mlniadtt 
experimental  delays* 

« * • * 

■ t 

X-ray  Diffraction  Patterns 

463-5-17  PRIORITY!  2 S3T.  OCMPLBTigh  April  1953 
Unclassified  vsspma'n&x  CSRAMISTi  M.A.  Schwarts  g£i  26230 
Mational  Bureau  of  Standards 

The  purpose  of  this  task  is  to  determine  and  record  X-ray  dif- 
fraoticn  patterns  for  oonpoimds  of  high  purity  to  be  used  os 
standards*  The  patterns  are  used  as  a basis  for  coopering 
and  evaluating  duplicate  A3TM  file  patterns,  and  as  new  in- 
formation, to  be  added  to  the  file* 

TO  PATBi  . Work  on  this  contract  oceaaneed  1 April  1952.  X-ray  imresti- 

gations  of  the  following  materials  hare  nov  been  reported « (1)  Oadsdta,  (2) 
titanium,  (3)  antimony  trioxide,  seaairsontite,  (4)  sodium  broedda,  ($)  cesium 
dichloro iodide,  and  (6)  potassium  dihydro gea  phosphate* 

* e • * 


TASQfl.i 


m 


PUHPoagi 


TITLE! 

TASK  NO.  i 
SECURITY! 

PRIMS  CCNTRACTOR! 

PURPOSE  i 


Compressive  Stress-Rupture  Properties  of  High  Tsnperature  . 
Materials 

463-5-18  PRIORITY t 2A  E3T.  CCMPLETICRi  Unknown 

Unclassified  RESPONSIBLE  SCIENTIST!  E.J.  HAssell  EXT:  26230 
Unknown 


The  purpose  of  this  task  is  to  study  the  stress-rupture  be- 
havior of  materials  in  compression  and  compare  these  proper- 
ties with  stress-rupture  data  as  obtained  in  the  conventional 
manner  by  tensile  loading  for  the  ultimate  purpose  of  shorten- 
ing and  simplifying  test  procedures. 


TO  DATE  i 


Contract  negotiations  are  almost  complete. 


* * * * 


TITLE! 

TASK  NO. t 
SECURITY! 

PRIME  CONTRACTOR: 


Study  of  Transition  Iron  Carbides 

463-5-19  PRIORITY!  2A  E3T,  COMPLETION  January  1953 
Unclassified  responsible  SCIENTIST;  Lt  V.D,  Smith  EXT:  26230 
U.  S.  Bureau  of  Mines 


RESTRICTED 


Project  Ho. i 463-5-19  (Cent) 


The  purpose  of  this  task  is  to  study  the  intermediate  forma 
of  iron  carbides  to  furnish  additional  data  which  may  explain 
the  tester  embrittlement  of  steel. 

TO  DATBi  This  contract  was  negotiated  in  April  1952,  but  no  progress 

reports  have  been  obtained  up  to  this  time. 


PUHPOSEi 


TITLKi 


TASK  NO. » 
SECURITY: 
pfcfe  ddWTRACTOKi 


FUJPQSIS: 


iffects  of  Ceramic  Coatings  on  the  Creep  Rate  of  Metallic 
3 ingle  Crystals 

463-5-20  P:iI0?JTTi  2 53T.  Cg-TLilTICNt  June  1953 

Unclassified  RESPOSSnLE  fcTALLUWISTt  S.J.  Hassell  EXT:  26230 
National  bureau  of  Standards 

The  purpose  of  this  project  is  to  study  creep  as  a surface 
dependent  phenomenon  by  determining  the  effect  of  ceramics 
coat  in  "a  on  the  creep  rate  of  coarsely  grained  metals  and 
alloys. 


TO  DAT3!  Contract  recently  negotiated,  Work  on  the  project  to  ccosnence 

in  June  1952* 

* * # * 


TIll.ii 

SECURITY: 

PRIME  CONTRACTOR: 
PURPOSE: 


i'urid  ) ,e:ital  Studies  in  3ainite  and  Low  Carbon  Martensite 
4-63 -6-1  P ICRITYt  2 Z3T.  COMPLETION:  "November  1953 
Unclassified  RESPONSIBLE  METALLURGIST t Lt  V.D.  Smith  EXT:  26230 
Carnegie  Institute  of  Technology 

The  purpose  of  this  task  is  to  obtain  basic  information  on  the 
formation  and  effect  of  bainite  on  mechanical  properties  and 
on  low  carbon  martensite  in  order  to  make  more  accurate  pre- 
dictions in  the  use  of  steel  components  and  to  produce  better 
alloy  steels. 


TO  DATE:  The  ninth  quarterly  report  on  this  contract  has  been  received. 

New  tensile  and  impact  data  are  presented  on  the  steels  already  investigated  and 
on  some  new  compositions,  AaisothermAl  banite  studies  are  being  accented  in  order 
to  relato  coranercial  he at  treating  structures  with  isothermally  formed,  ba initio 
structures.  Ferrite  morphology  studies,  which  will  subsequently  aid  in  explain- 
ing the  mechanism  of  the  bainite  reaction,  are  progressing  in  an  effort  to  determine 


RESTRICTED 


Project  So*  463-6-1  (Cent) 


the  isothermal  reaction  morphology,  kinetics,  and  mechanism  of  Widmanstatten  aide- 
plate  forastica.  In  connection,  with  the  study  of  low  carbon  aartersitee,  the 
greatest  emphasis  was  placed  an  tensile  and  impact  testa  of  steels  in  the  as- 
quenched  condition  or  after  low  temperature  tempering.  The  advisability  pf  water 
quenching  the  suggested  high  strength  steel  analyses,  reported  in  the  previous 
quarter,  is  being  discussed  with  strut  fabricators, 

^ ^ This  project  has  been  concerned  with  a comprehensive  testing 

program  involving  a limited  number  of  steels.  Ihe  final  phase,  wra.cn  is  just 
starting,  will  consist  of  a very  large  testing  program  involving  a large  number 
of  available  steels  but  with  relatively  fewer  tests  per  steel* 

* * « e 


TITLE t 


TASK  NO. t 
SECURITY i 
PRIMS  CONTRACTOR! 
PURPOSE! 


3tudy  of  Directional  Properties  of  Large  Closed  Die  Forgings 
of  Low  Carbon,  Low  Alloy  Steel 

463-6-2  PRIORITY!  1A  B3T.  COMPLY  OR ! August  1952 
Unclassified  HESPOWSIBLg  KSTALLUROIOTt  Lt  V.D.  Smith  EX£i  26230 
Ladish  Company 

Ihe  purpose  of  this  task  is  to  study  the  directional  properties 
developed  in  a large,  closed-die  forged  landing  gear  strut  heat 

treated  to  220,000#  psi  minimum  tensile  strength. 


TO  DATE!  The  final  report  on  this  task  described  the  forging,  machining, 

heat  treating,  and  mechanical  testing  of  the  orltioal  section  of  the  coluim.  Ihe 
quality  of  the  Hy-Tuf  forging  is  typical  of  steels  of  similar  harden ability  as 
indicated  by  macroetch  and  magnetic  particle  inspection  tests.  Forgeability  is 
equal  to  that  of  3AE  4340  but  ths  -endancy  of  Hy-Tuf  to  fora  thermal  ruptures  is 
somewhat  greater  and  would  require  slower  cooling  oycles  after  forging.  With  re- 
gard to  mechanical  tests,  the  uniformity  of  hardness  is  excellent.  Ihe  yield 
strength  to  ultimate  strength  ratio  for  Hy-Tuf  was  ,79  at  the  220,000  to  230,000 
psi  tensile  strength  level.  Notched  bar  impact  tests  are  excellent  at  all  tem- 
peratures investigated,  i.e,,  78#  32,  -65  F.  No  test  specimens  exhibit  course 
orystalline  fracture. 


The  results  of  this  study  indicate  that  the  load  carrying  ca- 
pacity of  a landing  gear  component  made  of  Hy-Tuf  steel  would  be  greater  than 
that  prxfvidod  by  the  present  specifications.  It  should  perform  well  in  the  ten- 
sile strength  range  from  220, 000  to  240,000  psi,  Ihe  report  will  be  given  wide 
distribution  to  landing  gear  manufacturers,  steel  makers,  interested  government 
agencies,  research  laboratories  and  aircraft  companiese 

00*0 
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Study  of  Tamper  Babrittleaent  1b  Alloy  Steals 
463-6-3  fmamt  2 B3T.  CCKPLSTT0S>  July  1953 
Unclassified  BESPOBSIBLE  Miff  at  .t  iron  Tar » Lt  7.D.  SBdth  HIi  26230 
Casa  Institute  of  Technology 


The  purpose  of  thie  task  is  to  eliminate  the  embrittlement  of 
quenohed  alloy  steels  tempered  In  the  vicinity  of.  500°?. 


TO  OATEi  The  first  annual  summary  report  on  thie  work  has  been  received. 

Evaluation  of  a vanadium  modified  SAB  4330  steel  and  a SAE  4340  steel  ie  nearly 
complete.  The  mechanical  data  presented  indicate  that  thereis  no  advantage  in 
esyloying  high  strength  balnltlo  structures  instead  of  tempered  martensite*  Since 
the  tempered  martensitic  structures  shoved  little  or  no  500-600°?  embrittlement* 
the  balnltlo  structures  were  unable  to.  minimise  or  eliminate  this  type  of  embrit- 
tlement, From  tbs  results  of  this  study*  it  appears  that  the  vanadium  modified 
SAE  4330  ie  an  excellent  steel  for  use  at  high  strength  levels.  In  addition  to  the 
final  studies  already  planned  for  this  material*  a limited  notched  stress-rupture 
study  will  be  made. 

Good  progress  was  made  in  the  X-ray  diffraction  studies  of  elec- 
trolytic ally  isolated  carbide  products  of  the  martensito  decomposition.  The  noa- 
eabrlttled  state  is  associated  with  the  formation  of  iron  carbide,  while  the 
embrittled  state  is  associated  with  cesentite  in  its  initial  stage  of  formation 
of  m iron  carbide,  while  camentite  and  ferrite  are  the  products  of  the  third 
stage.  The  second  stage  is  the  decomposition  of  retained  austenite.  It  is  general- 
ly recognized  that  the  second  stage  bears  no  relation  to  the  500?  embrittlement. 
Future  work  will  be  directed  toward  clarification  of  the  third  stage. 


» » » * 


TITLE 1 
TASK  NO. t 
SECURITY! 

PRIME  CONTRACTOR! 
PURPOSE! 


Study  of  Creep  in  Titanium  and  Titanium  Alloys 
463-6-4  PRIORITY!  2 BST.  COMPLETION!  February  1953 
Unclassified  RESPONSIBLE  METALLURGIST!  E.J.  Hassell  EXT!  26230 
University  of  Michigan 

Hie  purpose  of  this  task  is  to  study  the  phenomenon  of  creep  in 
titanium  and  its  alloys  and  to  gain  information  leading  to  a 
plausible  explanation  of  any  unique  or  unexpected  creep  be- 
havior at  stresses  significantly  below  the  yield  strength  value. 
In  addition,  specific  creep  data  on  titanium,  hitherto  un- 
available, will  be  obtained. 
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gfefl)  DATE:  Creep  testing  of  fully  annealed  eoonerclal  titanium  sheet  (TI-75) 

j||  now  bna  completed  at  room  temperature,  210°F,  4 00°F,  and  600°F . In  comparing 
ill  results  si  the  three  higher  temperatures,  a maximum  In  the  creep  resistance  was  ob- 
served at  '00°F,  After  cold  working  40#  ami  recovery  for  100  hours  at  temperatures 
[up  to  750c?,  creep  behavior  at  room  temperature  was  determined.  Here  again  a maximum 
I in  the  crc  op  resistance  was  found  for  a recovery  temperature  of  400°F.  Creep  tests 
at  both  23  >°F  and  400°P  on  material  cold  worked  40#,  with  and  without  a recovery 
treatment-  for  100  hours  at  550°F,  indicate  a higher  creep  resistance  for  the  re- 
covered material.  These  observations,  coupled  with  results  of  tensile  tests  from  75°F 
to  1000°F#  suggest  a strain  aging  process  is  operative.  The  presence  of  this  rela- 
tively complex  phenomenon  introduces  mors  cosplsettty  in  the  data* 

In  studying  the  creep  behavior  of  ferro-ohreme  alloyed  titanium 
sheet  (Ti-130),  the  effect  of  prior  heat  treatment  is  the  main  variable  since  this 
material  it  too  difficult  to  cold  work.  The  strengthening  effect  of  water  quenching 
from  1500°F  is  very  marked.  At  76°F,  the  practical  upper  stress  limit  is  between 
112,000  and  115,000  psl  and  the  creep  rate  is  only  a tenth  of  that  for  a similar 
stress  cm  air  cooled  material.  As  observed  in  the  codmerci&lly  pure  titanium  (Ti-75), 
the  dreep  resistance  of  the  alloyed  material  at  400°F  is  greater  than  at  210°F,  in- 
dicating seme  sort  of  strain  aging  process. 


* * * * 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIMS  CONTRACTOR: 
PURPOSE: 


Preferred  Orientation  in  Titanium  4 

463-6-7  PRIORITY:  2 EST.  COMPLETION:  March  1953 
Unclassified  RESPONSIBLE  METALLURGIST:  E.J.  Hassell  EXT:  .26230 
University  of  Kentucky 

The  purpose  of  this  task  is  to  provide  ifigxxreant  information  on 
the  mechanical  working  characteristics  of  titanium.  r 

• i " •’  • '..si 

It  has  been  found  that  iodide  titanium  sheet,  cold  rolled  97#* 
showed  that  the  (1010)  crystallographic  direction  was  parallel  to  the  rolling  di- 
rection. Rf  crystallization  at  1500°F  after  cold  rolling,  results  in  a 30°  rota- 
tion of  the  crystal  axis,  bringing  the  (1120)  direction  parallel  to  the  rolling 
direction.  This  rotation  is  similar  to  the  behavior  observed  by  others  in  zirconium. 


TO  DATE: 


In  order  to  detsmino  the  effect  of  the  preferred  orientations  on 

mechanical  properties  of  sponge  titanium,  bend  tests  were  made  on  sheet  specimens 
after  varyir  3 amounts  of  hot  and  cold  work.  Since  the  degree  of  preferredneas  is 
greater  near  the  surface,  successive  layers  were  removed  by  etching  and  the  teat 
carried  out  ifter  each  removal.,  la  every  case,  th©  capacity  for  bending  was  greater 
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in  the  direction  of  rolling  then  across  the  rolling  direction.  Also,  the  capacity 
for  bending  increased  as  the  sore  highly  preferred  oriented  Material  was  removed 
from  the  surface* 


* * * * 


TASKSQ.t 

SECURITY? 

PRIME  CONTRACTOR* 
PURPOSE* 


Effect  of  Heat  Treatment  on  the  Structure  of  Ccoaaercial 
Titanium  and  its  Alloys 

463-6-6  PRIORITY i 2 BST.  CCHTLaTICM?  November  1953 
Unclassified  raapowsma  metalth bqtst ? E.J,  Hassell  EXT,  i 26230 


Armour  Besearch  Foundation- 


The  purpose  of  this  task  is  to  study  the  micro-structural 
characteristics  of  titanium  and  its  alloys  in  order  to  bbtain 
a full  understanding  of  the  structural  changes  occurring  during 
various  heat  treatments. 


TO  DATS i The  heat  treatment  and  mechanical  testing  of  tensile  test  pieces 

for  a wide  range  of  tins  and  temperature  combinations  is  completed  for  titanium  al- 
loys containing  3,  7,  and  11$  Molybdenum.  Test  pieces  are  in  preparation  for  impaot  . 
studies.  The  time  - temperature  - transformation  relationships  are  being  worked 
out  for  Ti-Mo  alloys  with  intentional  oxygen  additions. 

« * * e 


TITLE? 

TASK  NO. I 
SECURITY? 

PRIME  CONTRACTOR? 
PURPOSE? 


Energy  Studies  of  Solid  Solutions  of  Magnesium  Alloys 
463-6-8  PRIORITY?  2 EST.  COMPLETION?  December  1953 
Unclassified  jgB3PgW3|BLfl  METALLURGIST?  HaJ  A.  Marston  EXT?  26230 
Dow  Chemical  Company 

The  purpose  of  this  task  is  to  expedite  the  development  of  su- 
perior magnesium  alloys  by  reducing  the  effort  required  to  ex- 
plore potentially  good  compositions . 


TO  DATE?  Progress  on  the  four  (4)  phases  is  as  follows : 

(1)  Energy  Studies  - Effort  on  this  phase  has  been  out  in  half 
because  experimental  difficulties  are  preventing  rapid  progress.  Efforts  are  now 
concentrated  cm  the'  use  of  a dropping  calorimeter  for  determining  the  heat  contents 
at  elevated  temperatures  of  magnesium-cadmium  alloys  so  that  recently  published 
heat  of  formation  data  for  this  system  osn  be  used  to  construct  a free  energy- 
temperature— composition  diagram  for  the  system.  When  this  is  ocmpleted,  considera- 
tion will  be  given  to  renewing  the  work  on  electro-potential  measurements  „ Whilia 
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efforts  to  accurately  measure  free  energy  changes  In  oagnesim  alloys  have  not  yet 
bean  successful,  the  great  potential  value  of  such  measurements  Justifies  continuing 
these  attempts. 

(2)  Alloy  Development  Phase  - Hie  work  contemplated  In  tfala  phase 
has  been  completed.  The  3%  thorium,  l£  slrecnium  alloy  has  been  shown  to  have  the 
best  creep  resistance  In  the  maximum  temperature  range  (to  600  F).  However,  other 

unuuitm^im  -ir-r*-»-  V.__  J 1 I -i.  -1.1 — , J — ^ ,-y.  • 

of  properties  when  the  maximum  service  temperature  Is  lower.  The  Allison  Division 
of  General  Motors  Corporation  has  been  furnished  several  diffuser  castings  of  tile 
thorium  alloy  for  evaluation  in  the  7T-40-A-4A  Jet  lfrigin*  in  an  application  where  the 
temperatures  are  high  enough  to  cause  warping  of  the  presently  used  alloys. 

(3)  Theoretical  Study  of  Bffeot  of  Hare  Sarth  Additions  - Creep 

testing  at  various  temperatures  has  been  completed  on  cell  magnesium  and  is  underway 
on  a 1,2$  cerium  alloy.  Hie  dependence  of  creep  rate  on  stress  at  varying  tempera- 
tures has  been  studied.  Results  indicate  that  at  high  temperatures  or  low  stress, # 
deformation  tends  to  occur  by  grain  boundary  flow,  while  at  low  temperatures  or 
high  stress,  deformation  tends  to  be  by  slip  within  tbs  grains.  Miorostruotural  and 
microhardnesa  studies  will  be  included  in  future  work.  ► 

(4)  Protective  Coatings  and  Films  - After  completing  a thorough 
literature  survey,  the  physical  chemist  has  started  experimental  work.  He  has  de- 
veloped a very  neat  method  of  stripping  corrosion  films  from  magnesium  alloys,  using 
a Grignard. reaction  in  diethyl  ether  to  dissolve  the  metal  away  from  the  surface 
film,  ‘ Hie  following  properties  of  these  films  will  now  be  studied:  1,  electrical 
resistance j 2.  electrical  capacitance;  3.  rate  of  osmosis  through  the  film)  4t  rate 
of  eleotro-osmosis  through  the  film. 

This  contract  has  been  extended  for  mother  year  at  the  same  r»*.te 
of  effort  on  phases  three  and  four  and  at  a reduced  rate  of  effort  on  phase  one, 

# * * * 

Electron  Microscopy  of  Bainitic  Structures 
463-6-9  PRIORITY:  2 5ST,  COMPLETION t January  1953 

Unclassified  RE5PJ3N3IB^  METALLURGIST:  Lt  V.D.  Smith  EXT:  26230 
Stevens  Institute  of  Technolg^ 

Hie  purpose  of  this  task  is  to  produce  Electron  Micrographs  showing 
detailed  ndcro  structures  of  bainitic  steels  which  can  be  used  » 

in  correlating  these  micro structures  with  the  physical  properties 
of  the  steels, 


TITLE: 

TASK  HO. : 
SECURITY: 

PRIMS  CONTRACTOR: 
PURPOSE: 


1 
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TO  DAIS  1 Work  to  date  haa  been  largely  directed  toward  the  development  of 

eleotrbnsaicrosoopy  techniques  necessary  for  the  wemri nation  of  a series  of  heat- 
treated  steels  being  studied  in  cooperation  with  Carnegie  institute  of  Technology, 

The  polystyrene-silica  or  two-step  positive  replica  technique  haa  been  found  to  give 
excellent  replication  of  the  surfaces  of  ths  steel  specimens,  Die  method  has  bean 
standardised  end  the  reproducibility  is  good,  A problem  was  encountered  in  etching 
the  specimens  which  necessitated  a thorough  study  of  the  effect  of  etching  time. 
Various  combi  nations  of  elsctrolytlo  and  acid  itching  cycles  are  also  being  in- 
vestigated. 

Interpretation  of  the  electron  microscope  structures  will  not  be 
complete  until  more  work  is  done.  Certain  evidence  from  the  present  studies  does, 
however,  point  to  the  fact  that  bainltlo  areas  in  steel  structures  can  be  examined  by 
the  electron  microscope  with  far  greater  resolution  than  by  the  light  micro scope, 

* « * * 

Determination  of  Residual  Stresses 
463-6-10  PRIORITY!  2 E3T.  .COMPLETION!  July  1953 
Unclassified  RESPONSIBLE  METALLURGIST!  Haj  A.  Mars  ton  BXTt  26230 
Lessells  and  Aasooiatea,  Zno, 

The  purpose  of  this  task  is  to  determine  a residual  stress  pattern 
in  a large  landing  gear  strut,  and  to  develop  a moire  economical 
method,  preferably  non-destructive,  for  measuring  of  residual 
stresses  in  quenched  and  tempered  steels, 

TQ_DATEi  A contract  was  negotiated  in  June  1952  for  the  work  Indicated 

above, 

* * * # 

Mechanical  Properties  of  a Titanium-based  Alloy  Containing  36$ 
Aluminum 

463-6-H  PRIORITY > 2 EST.  COMPLETION!  1954 

Unclassified  RESPONSIBLE  METALLURGIST!  E.J.  Hassell  EXT!  26230 
Armour  Research  Foundation 

The  purpose  of  this  task  is  to  investigate  'the  mechanical  pro- 
perties and  fabrication  qualities  of  a titanium  alloy  containing 
approximately  36$  aluminum,  and  to  determine  the  best  methods 
of  alloy  preparation  and  heat  treatment  for  optlnusa  forging 
characteristics, 

« TO  DATEt  A contract  for  this  research  project  has  been  negotiated  with 

Armour  Research  Foundation. 


TITLE! 

TASK  NO. ! 
SECURITY! 

PRIME  CONTRACTOR! 
PURPOSE! 


TITLE! 

TASK  NO.! 

SECURITY 1 

PRIME  CONTRACTOR! 

PURPOSE! 
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Martensite  Type  Reactions  in  Metals 
463-6-12  PEIOHITTt  2 B3T.  CCWPIBTICIfi  Dec  caber  1952 
Unclassified  HBSPCM3IBLS  MBTALLPHUSTi  It  V.D.  feith  jgTt  26230 
Carnegie  Institute  of  Technology 

The  purpose  of  this  task  la  to  obtain  fmdaacctal  information 
concerning  phenomena  of  very  short  duration  in  metals. 


TO  DAIS  1 The  formation  of  both  athermal  and  isothermal  martsasite  in  sa 

PS  - Hi  alloy  with  305?  Si  has  been  studied*  The  time  offo  nation  of  both  the 
athermal  and  isothermal  martensite  is  of  the  order  of  Xu*  seconds*  The  temperature 
range  investigated  for  the  athermal  transformation  was  -30°  to  -100°  which  is  the 
ifa  range  of  the  alley.  The  isothermal  experiments  were  carried  out  at  -60?,  -95°, 
-105°,  and  at  -195°C  and  they  all  gave  the  same  result.  This  is  in  ezsexienu  agreed 
mant  with  the  (TSeaotion-PathB  theory  of  Cohen  and  Kaohtln  and  appears  to  negate  all 
nueleation  and  growth  theories  of  the  martensite  transformation. 

It  appears  that  each  unit  signal  corresponds  to  a unit  transfor- 
mation. However,  a further  check  on  this  will  be  made  fay  fitting  a low  temperature 
microscope  stage  into  the  system  which  will  enable  simultaneous  recording  of  both 
the  oscilloscope , add  the  sample  placed  In  the  microscope  field*  The  strength  and 
duration  of  the  martensite  signal  varies  directly  with  the  else  of  the  martensite 
plate  formed* 

*#«« 

TITLE 1 Research  on  Plash  Sintering 

TASK  HO. 1 463-7-1  PRIORI  Til  2 B3T.  CCKP18TI(lfi  Movamber  1952 

aHCURITYt  Unclassified  RESPONSIBLE  CERAHISTt  M.A.  Schwarts  ggji  26230 

PRIME  CONTRACTOR  1 Metallurgical  Research  end  Development  Company 
PURPOSE t The  purpose  of  this  task  is  to  study  the  variables  concerned 

with  the  flash  sintering  method  of  fabricating  high  strength 
structural  materials  for  use  at  elevated  temperatures. 

TO  DATSt  Improved  reproducibility  of  teat  results  was  accomplished  by  the 

application  of  higher  pressures  during  the  flash  sintering  operation.  This  was  ac- 
complished by  first  preaintering  compacts  at  higher  temperatures  than  heretofore  em- 
ployed. Soma  tests  were  also  conducted  using  705?  TiC-305?  Hi  mixture  prepared  by 
Kennamat&l,  Inc,  with  improved  strength  properties  resulting. 

In  regard  to  the  die  liner  problem  which  is  the  critical  factor 
at  this  time,  a large  number  of  ceramic  manufacturers  have  bean  contacted,  and  test 
liners  are  being  received  from  them  and  being  evaluated. 

# * * o 
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Hasearch  on  the  Protection  of  Melybdsmai 
46377-fi  PBICamt  2 BST.  CCHPIgTiah  Kerch  1953 
Qttoiassifisd  flgMgrrrax  KBTALLDSQIOTi  Lt  O.B.  Johnson  ||[t  26230 
Climax  Molybdnma  Cocpaay 

The  purpose  of  this  taa*r  is  tc  develop  a suitable  protective  coat- 
ing for  molybdenum  in  order  to  prevent  or  nlnlalee  its  suscepti- 
bility to  oxidation  at  elevated  temperatures. 


TO  DATS  1 A summary  report  cf  the  first  year1*  progress  has  been  received. 

Five  different  sprayed  metal  coatings  were  developed  which  successfully  protected 
nolskdansi  from  mriAeMoq  4n  air  at  1700°F»  for  500  hours.  The  coatings  display 
good  resistance  to  thsntal  shock  sad  considerable  ductility  at  1700^.  OKlflatian 
testa  at  2400^F  of  as  sprayed  specinesa  (ao  diffusion  treetaant)  indicate  this  type 
of  protection  is  adequate  for  extreme  temperature,  abort  life  requirements. 


Twenty-four  (24)  stress  rupture  specimens  of  chest  aolybdemp, 
coated  with  the  acre  promising  compositions  were  obtained  for  evaluation  at  If  ADC. 
The  coating*  are  in  three  layers,  the  first  and  third  layers  being  an  Al-12$  Si 
alley  and  the  intermediate  layer  either  a Cr-Mo-81  alloy  cr  a Cr-Bi  alloy.  Testa 


ere  new 


Future  work  will  be  la  two  phases.  The  first  consists  of  an 
intensive  testing  and  evaluation  program  for  coatings  developed  by  either  the 
contractor  or  ty  other  laboratories.  The  second  phase  Involves  continuation  of 
research  on  new  00a tinge  and  aethods  of  application. 


* • • # 

TXttSi  Research  on  Ternary  Systems  of  Metal  Cersmio  Bodies 

TASK  BQ.i  463-7-4  PKIQHOTt  2 B3T.  CagLSTICBi  July  1952 

ggBSt  Unclassified  RBSP0M33BL8  CffiAMISTt  K.A.  Schwarts  gJTi  26230 

PRIMB  pCffTBACTOlU  Bntgers  adversity 

PPBPOSBt  The  purpose  of  this  task  is  to  obtain  fundamental  knowledge  on 

titaaima  nitride  metal  bodies  which  will  facilitate  the  develop- 
nent  of  improved  materials  for  use  at  elevated  temperatures. 

TP  DATS  1 Coabinatioaa  of  TiH  with  additions  of  Ms,  Co,  Cr,  Hl-Cr,  and 

Co-Cr  were  Investigated  as  to  strength  and  oxidation  resistance , The  Cr  cermet 
exhibited  good  oxidation  resistance  having  moderate  strength  and  no  loss  of 
strength  after  firing  and  the  weight  gain  on  oxidation,  but  improved  the  strength 
after  oxidation,  fhsrasl  shock  resistance  tests  will  be  conducted  in  the  near 
futuroo 

Q & « 6 
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TITLE: 

TASK -NO.  t 
SECURITY: 

PRIME  C CM  TRAC  TOR  l 
PURPOSE: 


Molybdenum  Base  Alloys  Prepared  by  Powder  Metallurgy  Techniques 
463-7-5  PRIORITY:  2 EST.  COMPLETION:  June  1953 

Unclassified  RESPONSIBLE  SCIENTIST:  Lt  0.9.  Johnson  EXT:  26230 
Battelle  Memorial  Institute 

The  purpose  of  this  task  is  to  prepare  molybdenum  base  alloys  by 
powder  metallurgy  techniques  and  evaluate  the  properties  of  the 
alleys. 


TO  DATE:  Present  work  is  concerned  with  the  fabrication  and  evaluation 

of  binary  molybdenum  alloys  containing  3,  P,  3n,  In,  Ti,  Zr,  Cb,  and  Ta,  Phosphorus 
in  small  quantities  is  an  effective  strength an or,  0.0 2$P  Increasing  the  tensile 
strength  of  molybdenum  15,000  pei  without  reducing  the  elongation  values.  Sulfur 

tT  0.1*  _ K4r>nw  jllnro  at*»  Ytaino  nr»onar«ori  fnT*  at.mHr  nf  tHa 

effect  of  fabrication  procedure  on  recrystallisation.  Metallographlo  examination 
of  other  specimens  show  partial  re c rys tallisa tion  as  a result  of  the  125O°-H0O°C 
fabrication.  Creep-rupture  tests  in  vacum  an  bare  molybdenum  alloys  indicate  that 
the  nickel  cladding  technique,  previously  used  for  oxidation  protection,  contributed 
significantly  to  the  strength  values  obtained. 


Two  papers  are  being  prepared  for  publication:  "Properties  of 
Wrought  Hydrogen -Sintered  Molybdenum  Alleys"  and  "Recrystallization  of  Wrought 
Hydrogen-Sintered  Molybdenum  Alloys". 


* ■»  * « 


TITLE: 

TASK  NO.: 
SECURITY: 

PRIMS  CONTRACTOR: 
PURPOSE: 


Mechanical  Properties  of  Cbd.de  Single  Crystals 
463-7-6  PRIORITY:  2 EST.  COMPLETION:  November  1952 

Unclassified  RESPONSIBLE  CERAMIST:  M.A.  Schwarts  EXT:  26230 
National  Bureau  of  Standards 

The  purpose  of  this  task  is  to  determine  the  plastic  deformation 
(stress-strain  relations)  and  related  mechanical  and  optical 
properties  of  ceramic  oxide  single  crystals  and  the  comparison 
of  these  properties  with  the  properties  of  polycrystalline 
specimens  for  the  purpose  of  changing  the  undesirable  property 
of  brittleness  at  high  temperatures  in  cersmio  bodies  by  in- 
creasing the  grain  size. 


TO  DATS:  3apphire  rods,  rutile  boules,  quartz  crystals,  and  periclase 

crystals  were  procured  fer  producing  test  specimens.  An  elevated  temperature  bending 
test  furnace  and  rig  were  completed  and  placed  in  operation.  However,  test  results 
indicated  too  large  a spread  of  values  and  further  refinements  are  being  made.  Ten- 
sile test  grips  for  the  creep  furnace  were  completed  and  consist  of  stainless  steel 
ball-and-socket  joints  and  a split  sleave.  Preliminary  high  temperature  creep  tests 

were  conducted  in  which  a sapphire  rod  was  successfully  hold  at  a stress  of  1.09  x 
10^  kg/cm^  for  one  hour  at  1200°C<, 
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I 


TITLE! 

TASK  NO. ! 
SECURITY! 

PRIME  CONTRACTOR: 
PURPOSE! 


Diffusion  Studies  in  Cermets  Using  Tracer  Techniques 
463-7-7  PRIORITY:  2 SST.  caffLSTICBi  February  1953 
Unclassified  HKMWTttLK  ckrawtsTi  • m.a.  Schwarts  SI1  26230 
Alfred  University  — 

The  purpose  of  this  task  is  two -fold  j one,  to  determine  the  na- 
ture of  Md  the  rates  of  the  diffusion  of  iron,  cobalt  and  nickel 
into  titanium  carbide  bodies j end,  two,  to  study  the  reactions 
of  metals  and  alloys  with  silicon  carbide  bodies  in  order  to 
develop  new  cermets* 


TO  5 AS;  Ar  rr«‘ jgj nary  niit  ww  TwpnTOM  an  ft  aezAl  IOgrflphiQ  study 

of  reaotlons  between  TiC  and  various  metals.  Samples  of  nickel  and  cobalt  plated 
TiC,  heated  at  1000°C  and  U50°C  for  varying  tiase  up  to  9 dayB  are  being  evaluated. 
Cobalt  fired  at  1153°C  developed  a pitted  surface  under  the  plating  ae  cost- 

pared  tfi  sasplss  fired  at  1000°C  (24  h^urs)  which  had  no  indication  of  reaction. 


Phase  Bi  Thermodynamic  data  from  the  literature  on  SiC-eetal 
systems  has  been  caviled  and  evaluated.  Wetting  teats  conducted  by  measuring  the 
contact  angles  between  molten  Co,  Ni,  Cr,  and  Pe  on  dense  3iC  slabs  have  indicated 
the  superior  wetting  characteristics  of  the  Cr  over  the  other  three  metals.  A 
technique  for  hot  pressing  SiC  crucibles  by  employing  selective  grain  sizes  haa' 
been  successfully  developed.  Using  these  crucibles,  Co,  Cr,  Ne,  and  Pe  are  melted 
and  studies  are  being  made  of  the  banding  zones.  X-ray  analysis  of  the  Ni-SiC 
system  identified  nickel  silicides  ae  reaction  products. 


# * * * 


titls  i 

TASK  MO.! 
SECURITY! 

PRIMS  CONTRACTOR! 
PURPOSE! 


Research  on  Ceramic  Structures 

463-7-6  PRIORITY!  2 SST.  COMPLETION!  December  1952 
Unclassified  RESPONSIBLE  CERAMIST!  M.A.  Schwartz  EXT!  26230 
University  of  California 

The  purpose  of  this  task  is  to  explore  the  potential  of  using 
ceramic  material's  for  structural  components  by  prestressing 
them  in  compression  using  metal  tension  elements. 


TO  DATE:  Work  started  1 May  1952  on  this  contract  and  no  progress  has 

yet  been  reported. 


* * * # 


TITLE! 

TASK  NO. 1 
SECURITY! 

PRIME  CONTRACTOR! 


Compressor  Blade  Alloy  Research 

463-7-9  PRIORITY!  2A  EST.  COMPLETION:  February  1953 
Unclassified  RESPONSIBLE  METALLURGIST:  Lt  O.E,  Johnson  EXT:  26230 

University  of  Minnesota 
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ProJ«et  Bo.  463-7-9  (Coat) 


7h«  purpose  ef  this  task  is  to  develop  «a  Improved  otaar sea* 

binds  alley  of  non-orifciaal  materials  by  pew ter  mstallurgy 


15 -RAIS  < Osar  fifty  foveas  matrix  allays  hare  been  made  with  additions 

of  C|  K|  H>  Rlj  Ott,  sad  Bo.  Tanslls  itnogths  of  ovu  100,000  psi  la 
sinterod  condi ten  hairs  been  ohtSi  ned.  Alloy  infiltration  has  Increased  the  1 m 
strength  of  soae'of  these  alloys  to  over  150,000  pel. 


TTCLBt 

TA&t  BO.t 
SBCURITYt  • 

g8Htt.oomMi«» 

bbwb» 


# * * » 

Development  of  Chrondwm-Baae  Heat-assistant  High  Tsnperatore 
Materials 

463-7-10  QSfi SJS*  2 B8T., -MtBgTISB  i September  1953 
Unclassified  HBSPdrsmS  IfigiliilBrnaTt  Lt  V.D.  ftaith  g£i  26230 
Battelle  Manorial  Institute 

The  purpose  of  this  task  is  to  Investigate  the  first  phase  of 

a progrea  of  research  leading  to  the  dsvelopsssat  of  ohreadtos 
base  heat  resistant  alloys.  The  initial  program  is  aimed  at 
solving  the  problem  of  brittleness  in  chromium  at  room  tempera- 
tures. 


TO  DATS i The  contract  was  negotiated  in  March  1952  for  the  researeh  in- 
dicated above. 

Some  of  the  equipment  required  for  the  very  high  purity  chro- 
mium is  already  available,  but  additional  equipment  and  modifications  in  existing 
equipment  will  be  required  to  attain  the  desired  degree  of  purity*  It  is  antici- 
pated that  the  preparation  of  the  natal  will  be  started  the  latter  part  of  July. 


* # * * 


TITLE: 

TASK  HO. : 
SECURITY > 

PRIME  CONTRACTOR! 
PURPOSE: 


Investigation  of  Rhenium 

463-7-11  PRIORITY:  2 BST.  CCMPLSriOWi  April  1954 
Restricted  RRgQHSTHLK  METALLURGIST:  KaJ  A.  Kars  ton  26230 

Battelle  Memorial  Institute 

The  purpose  of  this  task  is  to  determine  in  which  of  the  several 
potential  fields  of  application  our  limited  resources  of  rhenium 
can  most  effectively  be  utilized. 


TO  DATE: 


dicated  above □ 


A contract  was  negotiated  in  April  1952  for  the  research  in- 
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TITLE} 

TASK  NO. i 
SECURITY: 

PRIMS  CONTRACTOR: 
PURPOSE: 


Evaluation  of  Hew  High  Temperature  Materials 
463-7-1 2 PRIORITY:  2 B3T.  COMPLETION t May  1953 

Unclassified  RSgQSSIBLS  CERAMIST:  M.A.  Schwartz  gXT:  26230 

American  Electro-Metal  Corporation 

The  purpose  of  this  task  is  to  survey  and  evaluate  the  lesser 
known  in te metallic  and  metalloid  materials  for  possible  use 
in  oeraets  for  aircraft  components  requiring  high  temperature 
stability,  oxidation  resistance,  thermal  shook  resistance  and 
strength.  Ihia  program  will  be  of  a broad  enough  nature  so 
that  it  will  be  concluded  in  a series  of  recommendations  based 
on  laboratory  results  for  intensive  research  on  specific  ma- 
terlals  or  classes  of  materials  that  might  meet  requirements 
for  aircraft  high  temperature  components. 


TO  DATS:  A oontract  was  negotiated  in  May  1952. 

* * * * 


TITLBi  Vibratory  Compacting  of  Metal  and  Ceramic  Powders 

TASK  KO.t  463-7-13  PRIORITY:  2 S3T.  COMPLETICH:  May  1953 

SECURITY:  Unclassified  rrspcmstble  CERAMIST i M.A.  Schwarts  EXT:  26230 

PRIME  CONTRACTOR:  North  Carolina  State  College 

PURPOSE:  The  purpose  of  this  task  is  to  investigate  the  variables  con- 

cerned with  vibratory  compacting  of  metal  and  ceramic  powders 
to  form  bodies  of  high  density  and  close  tolerances. 

TO  DATS:  A contract  was  negotiated  in  April  1952,  for  this  research.  No 

progress  has  yet  been  reported, 

* * * * 


TITLE: 

TASK  NO. : 
SECURITY: 

PRIME  CCKTRACTORt 
PURPOSE: 


Application  of  Fundamental  Concepts  of  Bonding  Metals  and 
Ceramics 

463-7-14  PRIORITY 1 2 E5T.  COMPLETION:  May  1953 
Unclassified  RESPrasTHTs:  CERAMIST:  M.A.  Schwartz  EXT:  26230 
Armour  Research  Foundation 

The  purpose  of  this  task  is  to  apply  fundamental  concepts  of 
ionic  and  atomic  structures  to  the  development  of  cermet 
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Project  Ho,  463-7-14  (Coat) 

materials  which  oould  be  used  to  produce  components  for 
turbo-jet  power  plants. 


TO  DATE<  A contract  has  been  negotiated  in  April  1952  for  this  research, 

Ik>  progress  has  yet  been  reported. 

* * * * 


TITLE t 
TASK  MO! 

SECURITY l 
PRIME  CONTRACTOR! 
PURPOSE t 


An  Investigation  of  Boron  Steels 

463-3-1  PRIORITY!  1A  B3T.  CCMPIZTICH 1 October  1952 
Unclassified  RESPONSIBLE  METALLURGIST!  MaJ  A,  Mars  ton  HJi  26230 
United  States  Steel  Company 

The  purpose  of  this  task  is  to  develop  a boron  steel  which  can 
be  substituted  for  the  standard  4340  aircraft  steel. 


TO  DATE 1 A second  heat  of  steel  (65  tons)  has  been  melted  after  the  first 

heat  proved  unsatisfactory  on  etch  tests.  The  second  heat  is  clem  and  has  very 
high  hardenability,  but  is  high  (slightly  above  the  specified  content)  in  carbon 
and  silicon.  However,  it  can  be  used,  and  since  two  other  projects  have  been 
waiting  to  evaluate  this  steel,  the  heat  has  been  accepted.  Seme  delay  was  caused 
by  the  Government  inspectors  requirement  for  a contract  change  before  approving 
the  actual  composition  of  this  experimental  heat,  but  this  has  now  been  accomplished. 

The  amounts  required  for  Projects  R-463-3-2  and  R-463-8-3  have 
been  shipped  and  received,  so  that  these  evaluations  are  underway.  Arrangements 
have  also  been  made  to  furnish  steel  from  this  heat  to  a considerable  nvmiber  of 
other  aircraft  manufacturers  and  suppliers  who  wish  to  test  this  steel.  Ihe  ex- 
cess steel  not  required  for  this  program  will  later  be  released  for  sale  to  other 
commercial  users. 


* * * * 


TITLEi 
TASK  NO. ! 
SECURITY! 

PRIME  CONTRACTOR! 
PURPOSE; 


Metallurgical  Evaluation  of  43B40  (Boron-treated)  Steel 
463-8-2  PRIORITY!  1A  EST.  COMPLETION!  October  1952 
Unclassified  RESPONSIBLE  METALLURGIST!  Maj  A.  Harston  EXT>  26230 
Armour  Research  Foundation 

The  purpose  of  this  task  is  to  make  a thorough  metallurgical 
evaluation  of  the  boronized  steel  developed  to  replace  4340 
so  that  the  information  may  be  provided  for  the  potential  users 
in  the  aircraft  industry. 


« 


Project  So.  463-8-2  (Coot) 


TO  DATS  i Six  by  six  inch  billets  of  both  standard  4340  stnal  and  the  ex- 
porlantal  98840  modified  stool  hero  finally  bo«o  roooirod  sad  sro  undergoing  hoot 
trostmsut  together.  Thy  3 bo  compared  it  i^oiTilott  tirdusiM  to  evaluate  thi 
sew  stool  as  * substitute  material.  The  maoMniag  operations  at  tfao  high  haardooM 
levels  aro  expected  to  bo  Tory  difficult,  but  the  present  interest  in  using  stools 
at  higher  strength  levels  makes  this  information  important. 


Evaluation  of  the  One  of 


frosted  Stool  in  the  J47 


aaus.i  463-6-3  mmm  1A  W,WH«1WH  «v  l»53  _ 

■Bum,  OulusUial  hwbmtim  aommSTi  £j  A.  Hmto.  Si  26230 

pgpc  CCBTEACTOHi  General  Electric  Coapaay 

PPHPOaSi  The  purpose  of  *hia  task  is  to  evaluate  the  use  of  boronised 

alloy  stool  (developed  to  replace  SAB  4340  steel)  by  actual 
application  to  aircraft  mg ice  parts  new  sade  of  4340  stool. 

TO  DATS i The  stool  far  this  project  has  now  been  roooirod  by  the  con- 

tractor and  fabrication  studies  hare  started.  Since  the  receipt  of  the  stool  in- 
volved much  more  delay  than  was  anticipated  whan  this  contract  was  negotiated,  a 
'no  cost*  extension  has  boon  glren  to  allow  the  contractor  time  to  properly  evaluate 
the  material.  This  will  involve  not  only  fabricating  turbine  wheels  and  shafts, 
but  also  scheduling  the  wheels  into  current  engine  testing  programs. 

« « « « 


TASK  HO.  I 


Metallurgy  of  Boron  in  Iron  and  Steel 
463-S-4  PRIQHTm  2 K3T.  CCHPLBTlCjfi  December  1952 
^classified  HBSFq*3IBLg  METALLURGIST t Kaj  A.  Mars  ton  EXTt  26230 
Ohio  State  University 

The  purpose  of  this  task  is  to  determine  the  mechanism  of  the 
boron  effect  in  steel  and  the  factors  diieh  govern  effective 
amounts  of  boron. 


TO  DATS i A thorough  revisw  of  ths- literature  on  the  chemistry  and  metal<= 

lurgy  of  boron  along  with  a critical  analysis  of  the  boron  hard  suability  effect. 

A hypothesis  for  the  mechanism  of  the  boron  hardenability  effect  was  formulated. 
The  recruits  of  this  work  have  been  written  as  & Technical  Report,  which  should  be 
received  from  the  contractor  shortly. 
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Project  Bo.  463-6-4  (Cent) 


Physrlaantal  work  baa  started  on  two  phases  of  the  research » 

(a)  the  detorad  nation  of  the  solubility  rod  activity  of  boron  in  enrol  iron,  and 

(b)  the  dotendnation  of  the  effect  of  boron  on  the  interfacial  tension  between 
alpha  and  guana  iron  in  oo— ariosi  steels. 

* * * # 


TITLE  t Ihfluance  of  Boron  on  the  Hardanahility  of  Steal 

TASK  BO.  i 463-6-5  PBICaiTTi  2 B3T.  OCMPLOTICffi  Doeeaber  1953 

SSCUKmri  Unclassified  HB3PCHSIBU  ICTALLUBOISTi  KaJ  A,  ifareton  BCTi  26230 

t University  of  Chicago 
PURPOSE!  Ihe  pnrpoee  of  this  task  is  to  provide  the  basie  research  neoee- 

eary  to  understand  the  role  of  heron  In  steel. 

TO  DATS i The  work  la  continuing  an  cal, ool sting  lnterfaelal  energies  frea 

measurements  of  grain  boundary  angles  in  pure  iren-earboa-twron  alloys.  Internal 
friction  nsaeurenente  are  being  used  to  detendne  whether  boron  is  in  ifaterstitial 
or  substitutional  solid  solution.  Studies  are  continuing  on  measuring  diffusion 
rates  of  boron  in  iron.  The  effects  of  both  boron  sad  nitrogen  on  the  decongosltion 
of  austenite  in  pure  iron-carbon-boron  alloys  is  also  being  studied. 

• * * * 

TITLE!  Study  of  the  Mechanisms  of  the  Boron  Effect  In  Steel 

TASK  NO.  i 463-6-4  PRIORITY t 2 EST.  CCMPLBTIOBi  February  1953 

SECURITY}  Unclassified  RESPONSIBLE  METALLURGIST!  KaJ  A.  Kars  ton  EXT:  26230 

PRIMS  CCPTRACTCRt  Bat  telle  Memorial  Institute 

PURPOSE}  The  purpose  of  this  task  is  to  evaluate  the  boron  effect  in 

steel,  with  particular  emphasis  to  establish  coapoaitlon-har- 
denability  relationships  for  boron.  Such  relationships  are 
mandatory  for  the  rapid,  efficient  development  of  boron-con- 
taining alloy  steels, 

TO  DATE i A literature  survey' has  been  consisted  on  the  effect  of  boron 

on  heat  treatment  of  const® rcial  types  of  Bteel.  Experimental  work  has  started  in 
the  effects  of  boron  on  rates  of  nucleation . and  growth  of  pearlite  from  austenite 
in  commercial  steels.  Two, 200  pound, induction-melted  heats  of  steel  have  been 
made,  one  with  and  one  without  .003/2  boron.  E^d=quench  hardenability  curves  have 
been  prepared  for  the  two  ingots  and  the  mioro structures  at  various  points  on  the 
Jominy  bar  has  been  studied  to  compare  the  different  structures  obtained.  The 
necessary  equipment  has  been  assembled  and  wire  has  been  drawn  from  both  steels 
for  use  in  isothermal  transformation  studies 0 
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Effect  of  Boron  and  Titanium  on  the  Mechanical  Properties  of 
High  Temperature  Austenitic  Alloys 

463-8-e  PKIQanTi  2 E3T.  CQMPLTTiai  DAffit  December  1953 
Unclassified  BB3P0W3ISL3  MBTALLUBBISTt  Kaj  A.  Kars ton  TOi  26230 
University  of  Kiohigaa 

The  purpose  of  this  project  is  to  investigate  the  effect  of 
bcrce  and  titanium  additions  in  increasing  the  stress  rupture 
propsrtiss  of  esrtain  austenitic  alloys  used  at  high  temperatures, 
and  to  evaluate  a heat  of  this  type  of  steel  which  sill  be  pro- 
duced  on  Project  So.  463-8-9  toy  obtaining  design  data  type  creep 
curves  on  it.  ~ 


A contract  was  psgoxaacwam  wy  193* 


CL#  * * 


TASK  HO. l 


Development  and  Experimental  Production  of  an  improved  Austenitic 
Alloy  for  High  Temperature  Service 
463-8-9  pgroarm  2 B3T.  00KPI3TI0M!  July  1954 
Unclassified  HSSPOKSTgj;  MBTALHBQI3T  Kaj  A.  Nareton  g£»  26230 
Republic  Steel  Corporation  and  Allegheny  Ludlmn  Steel  Corp.  . 

The  purpose  of  this  project  is  to  improve  the  properties  of  an 
iron  bass  austenitic  alloy  containing  approximately  thirty  per- 
cent alloy  content  to  the  point  where  it  can  be  substituted  for 
the  presently  used  fifty  percent  alloy  steels  for  use  in  tur- 
bine wheels  and  similar  applications  involving  temperatures 
around  1250*7.  This  will  conserve  nickel,  ohrondwa,  sad  molyb- 
denum *iich  are  critical  materials. 


TO  DATS*  A contract  has  been  negotiated  with  one  major  steel  company  and  a 

contract  is  under  negotiation  with  another.  Both  contractors  will  malt  a considerable 
number  of  small  laboratory  heats  of  this  alloy,  varying  the  minor  additions  such  as 
boron  and  titanium,  then  larger  heats  of  the  best  compositions,  and  finally  at  least 
one  of  them  will  make  a heat  large  enough  to  provide  material  for  evaluation  on  a 
current  jet  engine. 

e * * # 

XHJjg}  Evaluation  of  an  Austenitic  Alloy  in  Jet  Sigines 

TASK  NO.  i 463-8-10  PRIORITY » 2 SST.  COMFLETICEt  Deceniber  1953 

SECURITY!  Unclassified  RESPONSIBLE  METALLURGIST!  Maj  A.  Mars  ten  EXT!  26230 

PRIME  CONTRACTOR!  Hot  Available. 

PURPOSE!  The  purpose  of  this  project  is  to  evaluate  the  Improved  austenitic 

alloy  developed  an  Project  463-8-9  for  use  in  Jet  engines. 

TQ  daTSi  Negotiation  of  a contract  for  this  project  has  been  delayed  by 

difficulty  in  arriving  at  a contract  satisfactory  to  both  the  potential  contractor 
and  the  procurement  authorities. 


CHEMISTRY 


EOT 


77w  Omb istry  Retearch  Breneh  formal crtee  end  direct*  a program  of  *»* 
plitd  research  in  ths  fiold  of  chemistry.  A continuous  survey  of  reteareh 
requirements  of  IADC  eoaeliui*  thet  the  following  general  ore us  of  research 
should  be  emphasised: 

(1)  Reactions  end  properties  of  natter  at  ilmtid  lupiraterti 

(2)  Lab ric texts  twxd  lubrication,  particularly  at  satrsne  temper- 
at ores 

(3)  Plastics  end  elestostsrs  of  unusual  properties 

(h)  Propellant*  and  fuels 

(5)  Mechanisms  end  prevention  of  deterioration  or  corrosion 

(6)  Chemistry  of  photog rsphy,  ringing  from  improvements  in  de- 
velopers to  basically  n*»  photographic  processes 

(7)  Inorganic  microaoleculst,  especially  for  Inbricwt t or  plas- 
tic use 

(8)  Esplosivss,  including  ch««i*try  of  aploaion* 


MSTBJCTID 


oronam  aaMca,  bjwi  manga  ubohatcot  _ . 

The  Flight  Reaeardh  Laboratory 

t*av4na  thji  nagt  several  wanthwj  established  ft  small,  but  first-rate 
laboratory  for  research  is  ehasdaiiy,  Nhllestill  any  partially  equipped, 
the  obeedatxy  laboratory  has  reached  a stage  share  the  supply  and  facilities 
problems  art  so  longer  tbs  major  time  consumers. 

the  Chanda  try  Bases  reh  Branch  has  been  called  on  formally  and  informally, 
from  time  to  time,  by  other  WADC  organisations  for  consultation  and  advice  on 
chemical  subjects.  It  ie  anticipated  that  this  service  sill  become  Increasingly 
valuable  to  other  Air  Force  agencies  as* additional  personnel  in  fields  other 
than  chemistry,  have  occasion  to  seek  chemical  information  from  this  Branch. 

Saphasis  at  present  is  being  placed  upon  research  in  three  general  sheas 
basic  to  Air  Force  technical  progreaat 

1.  Kinetics  of  flame  reactions  and  mechanisms  of  energy  transfer  between 
molecules.  Such  Information  should  lead  to  better  understanding  of  processes 
taking  place  in  Air  Force  Power  Plante,  through  the  use  of  improved  fuels, 
homogeneous  catalysts,  and  additives  to  fuels. 

2.  New  substances  of  high  thermal  stability,  including  polymers,  lubri- 
cants, heat  exchange  media,  and  other  fluids.  The  approach  is  through  the 
synthesis  of  entirely  new  systems  of  compounds  from  chemical  constituent  groups 
of  known  stability. 

3.  Mechanisms  of  deterioration  of  materials.  A major  cause  of  failure 
of  Air  Force  materiel  is  deterioration,  as  in  corrosion  of  metals^  oxidation  of 
fuels  and  lubricants,  and  degradation  of  cotton  and  other  textiles.  Investi- 
gations are  in  progress  with  the  aim  of  (1)  devising  suitable  analytical  methods 
for  evaluating  causes  of  deterioration,  (2)  measuring  rates  of  corrosion  for 
mechanism  studies,  and  (3)  developing  preventives  of  deterioration. 
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Polarographic  Determination,  of  the  Diffusion  Carrot  Constants 
in  Various  Supporting  Electrolytes  at  25ft!  • 

464-1-3  PHICRITTi  2A  B8T,  CCKPUmOHi  July  1953 
Unclassified  ®EIES£J£SEM* *  » **  26230 

Anaour  Research  Foundation 

Tbs  purpose  of  this  task  la  to  jasasur*<difftpian  current 
constants  which  are  eharaoteristie  of  particular  astU  ion 

la  order  to  permit  easy  and  rapid  analytical  eethods  for 
analysis  of  natal  alleys. 


«r  vTi  ^jio  «or  W* 

Carrigan  and  Hr.  Ere  of  Armour  Bassarch  Foundation  Tlslted  our  oifioe  on  25  Jhly 
and  near  fully  understand  the  discrepancies!  acd  will  forward  an  addendum  to  the 
final  report  to  include  the  info  nation  the  contract  sails  for.  Ths  contract  is 
to  bo  elosod  out  in  ths  soar  future. 
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Chads  try  of  Uotdia  (Galaribium)  and  Its  Compounds 
664-1-6  PKKRITTi  2 B3T.  GCMPimOHi  July  1953 
Unclassified  HHPCMIHLE  80IgTXBTi  ima  EXT.  > 33227 
Hone.  Work  being  acocmpilafaed  at  VIDC. 

The  purpose  of  this  task  is  to  study  chemical  reactions  under- 
gone by  nloblun  eenpotaads  especially  with  a view  to  improving 
the  separation  from  tantaluo  to  obtain  the  pure  tineas t. 


TO  DATE:  This  project  baa  been  temporarily  delayad  due  to 

of  original  investigator. 


* * * * 


TITLE t 

mmi i* 

PRIME  CCHTRACTORi 
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Interferooetric  Measurement  of  Incipient  Corrosion  on  Thin 
Metal  Pilae 

464-1-7  PRIOBITTt  2 B3T.  CCHPLBTICHi  July  1953 
Unclassified  HESPOSSIBLE  adEHTISTi  Z.  Luting  EXT.i  33227 
Hone*  1 fork  being  accomplished  at  VADO. 

The  purpose  of  this  task  is  to  elucidate  ae chard. sms  of  cojv 
rosion  and  pas  ibity  to  chemical  attack  through  measurement 
of  rates  of  growth  of  corrosion  films  in  the  early  stages. 


TO  DATE;  Initial  experiments  have  besn  conducted  with  the  deposition 

of  thin  eatal  films  by  evaporations  fhe  ieolmique  of  preparing  specisens  to 
yield  interference  has  not  yet  been  satisfactorily  mastered,  but  progress  is 
being  aada0 
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TIUBi  Fundamentals  of  Adhesion  > 

TASK  K0.»  J 464-2*2^  PRIORITY!  2 5ST  CQMFLETICB»  July  1953 

SSCPRITTt  Unclassified  5CIMTI5T » Lb  Col  Gsysak  SXTf  22154 

t Cam  Institute  of  Technology 
PURPOSSi  The  purpose  of  this  task  is  to  supply  fundamental  informatics 

regarding  adhesion* 

TO  DATSi  The  eontractor  has  made  a literature  search  in  adhesion*  He 

has  gathered  material  for  a monograph  on  “The  Fundamentals  of  Adhesion".  The  eun- 

beisg  edited  for  publication.  At  present,  the  contractor  is  planning  to  investi- 
gate the  fundamentals  of  adhesion  by  two  (2)  methods,  i.e.,  loss  faotor  and  tensile 
test  method,  The  investigators  hope  to  determine  from  the  dielectric  lees  factor 
the  rang#  of  the  forces  Involved  in  adhesion.  It  is  hoped  that  from  this  data 
and  the  tenalle  test  method  data  a correlation  may  be  obtained  vhich  would  give 
a better  understanding  of  the  factors  involved  in  adhesion. 

~ - - . . *♦*•* 

r(  - 

TITLE » Characterisation  of  Cji-floHydroc&rbrns  and  Their  IQLzture 

TASK  SO.»  464-2-3  PRIORITY i 2 B3T.  COMPLBTK»i  February  1953 

SECURITY!  Unclassified  H88PC3RSIBLB  SCIgHTI3Ti  Lt  F.  Hawkes  «Ti  33227 

PRIMS  COMTBASTCKt  Armour  Research  Foundation 

PDHPOSBi  The  purpoae  of  this  teak  is  to  study  the  ambers  of  the  homo- 

logous series  C^-C^  crystallographic  ally,  determine  repro- 
sentative  phase  diagrams,  and  study  the  effect  of  pour  point 
depressants  on  representative  mixtures  of  the  compounds. 


TASK  SO.! 


TO  DATBt  Micro  melting  points  of  the  ten  purs  ooapovmda  have  been 

taken  an  the  standard  KOfisr  hot  stage.  An  attempt  has  been  mads  to  determine 
the  purity  of  each  of  the  series  of  hydrocarbons  so  as  to  assure  the  accuracy  of 
these  melting  points  and  subsequently  determined  phase  diagrams.  Preliminary 
eutectic  temperatures  have  been  determined  on  the  Kofler  hot  stage  for  several 
binary  and  ternary  systems.  Because  of  the  closeness  of  the  refractive  indices 
of  the  melt  and  solid  components  in  these  systems,  a new  hot  stage  incorporating 
phase  microscope  accessories  has  been  built  and  is  being  tested.  This  contrast 
increasing  device  will  also  facilitate  study  of  polymorphous  forms  which  have 
been  detected  and  transition  temperature  determined  in  the  and  C ^ hydrocarbons. 


°21h44« 


Crystallographic  studies  hare  been  completed  for  heneicoaan®. 
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Themal  Conductivity  of  BydFogo*  Fluoride  Gas 
4M-2-4  B 2 Wfr  COKPLBtOTi  July  1953 
Pnolaaalftod  BSgCBgTBia  aoiaffiaTt  Lt  F.  Bawfcw  g£*  3322? 
P8IHB~(XM!tBAGTfl&i  Sana.  Work  being  ioooBpXlahed  at  WADC. 

The  phyaioo-sfcesdeal  footer*  la  tbo  transfer  of  energy  between 
goo  aolscalea  and  Bolide  are  of  istereet  la  prohl— i of  heating 
and  cooling  la  Air  Force  ayotsBa,  especially  at  ultra  Mgh  al- 
titudes where  the  low  gee  density  sad  high  velocities  give 
rise  to  special  difficulties.  Ibis  projeot  is  for  the 


energy  transfer  parameters  at  high 
peratures  and  low  pressures  for  various  gases,  including  hy- 
drogen, nitrogen,  oxygen,  water  vapor,  and  hydrogen  fluoride, 


TO  DAIS!  The  apparatus  to  make  the  desired  eeasureuants  has  beea  de- 

signed in  tense  of  a pre-dirterained  ays  tea  of  data  eolleotitm.  The  glass  vacua 
rack  for  purification  end  delivery  of  desired  pressures  of  geese  to  tits  hot  wire 
apparatus  has  been  completed.  the  measuring  eircuita  tor  the  hot  wire  apparatus 
wire  teaparature,  gas  praeaure,  end  energy  loss  from  wire  - are  partially  completed 
and  await  the  arrival  of  a Moeller  type  bridge  and  resistance  thanaoaeter  which  is 
to  be  the  temperature  standard  for  the  experlaeot,  Sts  hot  wire  apparatus  itself 
awaits  the  installation  of  theraoeouplea  to  bo  calibrated  against  the  above  toe- 
perature  standard*  A furnaea  for  the  calibration  of  the  neeesaary  themocouplee 
has  been  eampleted*. 


* * * # 


TA35  HQ. t 
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Separation  and  Determination  of  Silicon,  Tungsten,  Titaniup, 
Tantalum,  and  Golabia  in  Mixtures 
464-3-1  PSZQRXTTi  2 BST.  CCagimOlt  October  1952 
On  classified  B8SP0B3IBL5  SOIMTISTi  R.V.  Moahier  ffii  33227 


Armour  Research  Foundation 
The  purpose  of  this  task  is  to  facilitate  the  analysis  of  fiigb 
teeperaturs  alloys  which  are  used  In  connection  with  jet  and 
rocket  engines* 


TO  DATgi  A literature  survey  was  ooapleted  showing  the  status  of  the 

analytical  chemistry  of  these  materials.  Two  satisfactory  methods  have  bean 
forked  out  for  the  determination  of  silicon  in  varied  synthetic  mixtures  of  the 
oxides  of  ollieon,  titanium,  tungsten,  niobium  and  tactalxss,  Their  relative 
merits  ware  discussed,  The  ultimate  proof  of  the  method  oa  Air  Fores  Em  to  rid 
has  not  been  tasted. 


Separation  of  the  metals  titanium,  niobium  and  tantalum  with 
use  of  ion  exehiiage  resins  use.  tested*  The  preliminary  data  indicate  that  the 
method  shows  promise  and  that  a systematic  study  will  reveal  the  merits  of  the 
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Project  Bo.  464-3-1  (Coot) 


chink  shc^s  good 


1 itody  of  or 
prcadee  for  the  1 
ter.  A detailed 


■gaclc  precipitating  agents  tea  revealed  mm 
separation  of  tltanlf,  niobium  and  tantalus 
i study  should  result  la  a useful  analytical 


* ♦  *  * *- 


Baths  and  Development  of  a Theoretical  Approach  for  Selection 
of  Additives 

464-3-2  mmmt  2 bst._  oqggmait  July  1953 

Unclassified  ggg«rqTHLg  aClflTHBTt  Z.  Labing  BTt  33227 
i Easycn  College 

The  purpose  of  this  task  is  to  improve  the  electroplating  of 
aircraft  coaponanta.  < 


TO  DATgi  For  accurate  control  of  all  the  paraoeeters  of  plating  sad  the 

■easureewnt  of  the  quality  of  the  plate,  the  design  sad  ccnstruotion  of  special 
equipment  was  necessary.  Bov  cospleted  are  the  following  items?  (1)  Electrolytic 
cell  assembly,  (2)  Special  constant  teaser  at  ure  water  bath,  (3)  Bearly  complete 
are  the  Water  still,  Photomicrograph  and  Brightness  of  deposit  reflsetancs  aster. 


Certain  plating,  solution  chemical  aid! tires  hare 
and  the  arei  lability  of  other  additivee  la  being  diterained. 


been  ordered 


* * * * 


TASK  80. t 


Weathering  Celluloaic  Materials 
464-3-4  PHICRITTi  2 BST.  CCMPISTICHt  lovsnber  1952 
Unclassified  BS5PCS3IBLB  SCIfflTISTi  S.  Baldwin  HTi  33227 
University  of  Texas 

The  purpose  of  this  task  is  to  study  the  deterioration  of 
cellulose  induced  by  ultraviolet  light  and  fungi. 


TO  DATS:  The  major  difficulty  in  a study  of  the  deoosposition  of  eel- 
lulcse  by  iUsgal  attack  is  that  of  effecting  a separation  of  the  degraded  cellu- 
lose frcsHhe  attacking  microorganisms.  The  rootlike  filssasnto  of  the  fungal 


Profret  So.  464-3-4  (Coat) 


growth  (tbo  syeclia)  la  certain  to  bo  trapped  la  tba  oollalooa  strode  ratering 
a satisfactory  diroot  — cfcaaloal  separation  ifonttlot  However,  0 satisfactory  - 
separation  of  oaUhioso  trek  —dial  frsg— ita  haa  now  boca  iff— tod  by  ah— leal 
fractionation.  The  proooduro  involves  aeotylating  Iho  oallnl— a sa— lo  to  tho 
triacetate,  dispersing  thla  acetate  la  orgsolo  oolroat,  and  than  rsgo anting  It 
ria  oarsful  Mponifioation.  Iho  oollalooo  la  believed  to  bo  — dlfled  chemically 
by  tlda  treat— at.  Iho  separated  — edlal  fragosate,  which  aro  largely  protola  la 
nature,  contain  no  eellaloado  — Aortal  and,  la  tarn,  no—  of  theao  fra— —to  or 


tyaititatl— dote— iaatioa  of  the  reactive  oaxfcoajl  froope  la 
oollttlbao  molecules  la  of  major  importance  in  eoBnoetlcn  with  tho  study  of  tte  de- 
terioration of  oollnlooo  both  by  nloroergsni a—  and  by  a—  light  (ultraviolet 
radiation).  Their  for—  tion  during  fongal  attack  would  iadieato  a hydrolytic  typo 
of  deterioration 'aad  it  iohlghly  probable  that  they  aro  alao  involved  la  phbtcir 
.••yeis.  Attention  haa  boon  given  to  tho  probl—  of  asoortaiaiag  whether  tho  Kllanl 
reaction  (addition  of  hydrocyanic  acid  to  a carbonyl  group)  la  indeed  applicable 
to.  — Holes 0 for  the  quantitative  determination  of  carbonyl  group#.  (Pronpton, 
at-  iOj.,  Anal.  Chea.,  1244  (1951)).  Ac  the  natter  now  stands,  only  the  nlniawa 
number  of  oarboayl  grow pa  per  —it  weight  of  cellule—  —7  bo  determined  with  cer- 
tainty. The  quantitative  aepaote  of  the  reaction  as  applied  to  cellulose 

might  bo  established  if  the  roaetiaa  were  carried  out  la  a homogeneous  — di— 1 • The 
first  atop  is  that  of  establishing  tho  conditions  for  the  quantitative  addition  of 
hydrocyanic  acid  to  the  simple  sugar  derivatives  in  organic  solvents.  Accordingly, 
2,  3,  4,  6-tetra-acetyl-glucose,  and  tho  corresponding  acetyl  derivatives  of  lac- 
tose and  oellcMose  have  been  prepared.  Cellotriose  and  eellotetro—  have  been 
obtained  iron  cellulose  hydrolysates  and  these  will  be  acqtylated  in  the  sane  man- 
ner. Studies  involving  the  addition  of  hydrocyanic  acid  to  these  sugar  derivatives 
are  currently  underway. 

Many  of  the  substances  involved  in  this  study  are  expensive  In 
terms  of  time  and  effort  spent  in  securing  them.  Methods  of  analysis  used  oust 
involve  a fdnlfflua  expenditure  of  materials.  In  many  instances,  e.g.,  in  identi- 
fying hydrolytic  products  from  cellulose,  etc.,  it  is  impossible  to  use  melting 
point  data.  Consequently,  it  would  be  useful  to  have  available  a precise  method 
for  the  determination  of  molecular  weights  there  the  material  studied  may  be  re- 
covered. Accordingly,  an  apparatus  and  procedure  have  been  developed  for  the  de- 
termination of  molecular  weights.  This  data  tdll  be  used  in  conjunction  with 
elementary  analysis  of  products  involved  in  this  study. 
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Formation  of  Ioe  in  hydrocarbons 
464-3-5  FRIOaiTY:  2 5ST.  COMPLETICSt  July  1953 
Unclassified  RESPONSIBLE  SCIENTISTt  B.K.  Horse  ECT.  * 
Oklahoma  A & M 

The  purpose  of  this  task  is  to  supply  information  which  will 
eliminate  the  formation  of  ioe  in  fuel  systems  components. 


SXT.<  33227 


TO  DATZt  To  stud y ioe  formation  in  hydrocarbons,  hydrocarbons  saturated 

with  water  are  to  be  cooled,  end  the  sise  and  rate  of  growth  of  the  water  particles 
which  separate  are  to  be  observed  by  light  scattering  techniques.  To  the  date  of 
the  first  quarterly  report,  1 May  1952,  effort  was  directed  to  the  construction  of 
the  apparatus  for  the  light  scattering  measurements.  This  piece  of  apparatus  Con- 

si  nt  A ~HgVit.  aOayjae, A— spaMa!  AHanwrytinn  a amllBg  TgjLiMg 


and  an  amplifier,  Equipment  and  chemicals  for  the  preparation  and  analysis  of  the 
watSr-saturated  hydrocarbon  samples  was  also  assembled. 


* * * * 


TASE_JfO,  i 
SBCUHTTIi 
PRIME  CafISACTORi 
PURPOSE i 


Ary la  ted  Qmano— Silicon  Compounds 

464-3-6  PRIORITY i 2 EST.  CCHPLETIOWi  January  1954 

SCIBITISTt  L.  Spialter  EXT,  t 33227 
Hone.  Work  is  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  investigate  the  synthesis  of 
highly  ary  la  ted  silane  derivatives  and  the  physical  and  chemi- 
cal characteristics,  particularly  thermal  stability,  of  such 
materials.  The  aim  will  be  to  correlate  properties  with  struc- 
tural features  in  the  molecules. 


TO  DATEi  . Data  are  recorded  in  the  chemical  literature  to  the  effect  that 

tetraph  any  la  liana  is  a stable  compound  colling  without  significant  decomposition  at 
a temperature  within  the  range  of  350°  to  530°C|  the  exact  boiling  point  depending 
on  the  investigator  one  accepts.  In  view  of  this  extraordinary  (for  an  organic 
compound)  thermal  stability,  the  present  project  wSs  activated  to  investigate  the 
synthesis  and  physical  and  chemical  properties  of  molecules,  large  and  small,  con- 
taining only  silicoo-to-phenyl  (or,  more  generally,  -to-  aromatic  nuclei  or  aryl) 
bonds.  Such  compounds  have  never  before*  been  made  and  they  could  well  have 
great  utility  for  purposes  where  their  unique  thermal  stability  and  physical 
properties  form  a desirable  combination.  For  example,  the  lower  molecular  weight 
members  of  this  general  class  of  arylated  orgaaosilicon  compounds  may  be  useful 
heat  exchange  media  whereas  the  higher  polymers  may  give  desirable  plastics,  resins 
elastomers,  coating  materials,  or  lubricants,  characterised  by  high  heat  resistance. 
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Project  Bo,  4 64-3-4  (Coot) 

Tetraphaaylallaae,  the  parent  molecule  of  thia  family  of  com- 
pounds has  bean  synthesised  by  the  coupling  of  ailloon  tetrachloride  with  an 
alkali  natal  fcraa  inert  solvent,  The  relative  reactivities  of  pofcaaelwm  .versus 
sodium  and  the  solvent  behavior  of  diethyl  ether  versus  toluene  taring  the  scores 
of  the  reaction  have  been  qualitatively  evaluated,  4 redetendnation  of  the  boiling 
point  of  tetrophaaylsllana,  specially  purified  fay  a novel  extraction  procedure  end 
■siting  at  234r33^C#  gave  a value  of  430-632°0,  agreeing  with  only  one  of  * number 
of  values  given  fay  other  investigators.  it  this  high  temperature,  in  air,  pr*e~  .. 
tioallr  no  »»■«-  — ----  — - - ~ - 

The  problem,  of  analysing  for  the  allieoa  content  of  the  com- 
pounds to  bo  synthesised  end  studded  has  been  solved  baaed  on  experiments  with 
totraphaaylailaaa . The  procedure  gives  reproducible  values  within  22  relative 
error  and  is  based  an  the  obeniosl  oxidative  degradation  of  the  sllioon-containlng 
ocapoomd  by  a boiling  mixture  of  nitric-end  rulfurio  adds. 

8evsral  preliminary  attempts  to  prepare  completely  phanylatod 
e ill  con-organic  polymers  fay  the  indiscriminate  eotpling  of  ailloon  tetrachlorids, 
ohlorohensens,  and  pare-dichloroben sene  suggested  that  the  efficient  approach 
would  be  a stepwise  synthesis  of  the  pure  simple  low  molecular-weight  members  of 
this  series.  In  this  direction,  the  necessary  storting  materials  mono-,  di-,  and 
tri-phenyohlorosilanes  sad  triphsnylalkoxysilsaes,  have  been  prepared  and,  in 
several  oases,  new  values  for  melting  points  were  observed. 

The  synthesis  of  the  second  member  of  the  completely  para- 
phenyl  a ted  organo- silicon  aeries,  l,4-bis-(triph«iylsilyl)-benseas  is  almost  com- 
pleted e 

In  the  heterocyclic  branch  of  this  new  family  of  compounds, 
tetm-2-pyridylgllano  could  not  be  prepared  by  the  condensation  of  2-bro»opyridine 
and  silicon  tetrachloride  with  either  magnesium,  sodioa,  or  potassium  because  of 
complex  formation  between  the  first  two  reagents,  lb  overcome  this  difficulty, 
it  is  planned  to  use  the  ooa-eoaplexLng  ethyl  silicate  instead  of  the  silicon 
containing  reactant. 

A syatesutic  nomenclature,  simpler  ad  easier  to  handle  and  to 
picture  mentally  than  standard  chemical  terminology,  has  been  developed  for  the 
classes  of  compound 9 to  be  prepared  ad  studied  in  this  project,  to  be  called  hence- 
forth, the  sdJL&rylenese  Bis  new  system  will  be  written  up  for  publication  in  the 
first  paper  of  tha  series  expected  frea  thia  project,, 

o -x>  o o 
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Surface  Foaotiona  of  Ratals  , 

4S4-4-2  pRioaiTit.  * m*  qmtvsmk*  am  1953 
teeUMifiod  ggqtsiajt  scramaTi  pa  mii«o  Pit  33327 

UoiTtraity  of  Chisago,  Institute  for  tho  Btndy  of  Bital* 

To  Motet  fyodiMBtii  stoiiss  os  tu  chodoti  tad  physical 
properties  of  aoll4  aorfoeot  la  ardur  to  ondsrstaad  tad  to 
oastrol  surface 


TO  DATBt  Tho  aariy  monitoring  of  this  project,  the  oldest  is  the 

la  salooting  research  pro blame  to  same  the  purpose  of  the  prejeet*^  Those  in- 
▼estimators.  Or.  Robert  fleer,  Dr.  Sanaa  B.  lachtrieb,  and  Dr*  UO.  Sehpls  of 
the  University  of  Chloago  ehooe  to  do  researoh  respectively  on  the  following* 
wriairion  of  electrons  from  aotal  surfaces  Is  electric  fields,  self-diffosloa  la 
aetels,  sad  properties  of  metallic  surfaces  add  adhering  fills. 


ntirtffrlffi  at  ^r^rrrr  tea  Betel  Ourfages  la  KUctrlo  Ple34a» 


A stud?  of  the  s&issloa  of  electrons  la  high  voltage  electric 
fields  Is  a promising  research  tool  to  prodace  Information  concerning  crystal 
structures  of  aetal  surfaces  and  bonds  between  netel  substrates  and  adsorbed  gases. 
Increased  knowledge  of  the  aschanlsa  of  adsorbed  gases,  such  as  earbon  aonoadde 
on  nickel,  should  elucidate  surface  reactions  of  Betels. 


The  apparatus  for  studying  calaslon  of  electrons  In  electri- 
cal fields  Is  the  projection  adore  scope  by  which  the  patterns  of  emitted  electrons 
nay  be  observed  visually  end  recorded  photographically.  Although  the  basic  prin- 
ciples of  the  projection  microscope  have  been  known  for  sore  than  twenty  years,  its 
deveXofeent  as  a tool  for  researoh  is  recent. 

In  beginning,  work  with  the  projection  sdorosoope,  it  was  per- 
tinent to  observe  topographies  of  electron  quitting  surfaces.  It  was  learned  that 
the  crystal  habit  of  nickel  changes  with  temperature,  that  there  are  hill  and 
valley  structures  of  the  order  of  magnitude  of  25-50  atom  spacing®,  that  surface 
migration  of  atoms  occurs.  All  such  information  (the  above  are  s&zqples)  will  be 
described  in  the  final  report* 

Basic  scientific  progress  has  teen  made  in  a study  of  the 
velocity  distribution  of  electrons  in  field  aaiasioe.  Biis  progress  will  be  re- 
ported in  a publication  of  title,  ^Telocity  Distribution  of  Electrons  in  Field 
Bnissioa  , Resolution  in  the  Projection  Mieroscopen0  A copy  of  the  manuscript 
with  its  abstract ’have  been  received.  Two  important  findings  are  (1)  that  re- 
sulutlon  of  electrons  from  metallic  surfaces  is  of  the  order  of  angstroms,  and 
(2)  that  resolution  is  practically  independent  of  the  applied  voltage,  i.e.,  field 
strengths 


Project  go,  k 64-»-2  (Pont) 
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Additional  pregrdaa  la  reported  la  a manuscript  coon  to  be 

published.  Ita  title  is  "Molecular  Images  with  the  Projection  l&eroeeepe".  the 
Xohiaatioa  Potential  of  Zinc  Fbthaloeysains."  The  thing  of  neat  interest  in  this 
study  la  not  the  cine  phthaloogrenlne  but  the  attire  of  Image  formation.  Hie  stc^ 
phthalocyanlne  is  simply  e means  to  a end.  Supporting  evidence  ha  boa  ffemad  *■ 
that  visual  pattene  of  rtatfo  molecules  adsorbed  a metal  tuba trains  cam  be  eoe- 
plalasd  a molecular  images.  The  n>1  erg— it  ie  about  V$  fold, ad  the  insolation 
of  electrons  eadtted  from  ede orbed  molecules  ie  of  the  order  of  three  to  fire  ang- 
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k frequently  lapsrtapt  f eeter  in  the  ohoelcel  reactivity  of  a 
the  internal  diffusion  of  atoms  to  a fra  the  surface.  m a 


study  of  surf Me  reactions  it  ie,  therefore,  pertinent  to  study  dlffneia  and  par- 
ticularly self-diffusion  because  it  is  theoretically  the  nippiest. 


Because  of  the  priaa  ieporteneo  of  adereteading  the  neehania 
ef  diffusion,  arte  vm  initiated  a this  problem.  The  simplicity  of  the  orystel 
structure  of  sodlcm  nade  it  a desirable  aetal  to  e^ady.  Progress  has  bean  made 
toward  working  out  the  seehmla  of  self  -diffusion  a sorting),  though  much  remains 
to  be  done.  The  reports  of  this  progress  here  been  received  In  copies  of  two  (2) 
nansorlpts  robed t ted  for  publication.  They  ere  "Self-Diffusion  in  Solid  Sodium. 
X*  and  "Self  -Diffusion  in  Solid  3odlta.II.  The  Effect  of  Pressure". 


Because  diffusion  constate  nay  be  fitted  into  Arrhenius  type 
equations,  which  were  formulated  for  reaction  constants,  the  analogy  between  dif- 
fusion constant e and  reaction  constants  has  been  extended  to  include  calculation 
of  free  energies,  enthalpies,  and  rolumes  of  activation  for  diffusion.  Thus  the 
entropy  of  activation  has  been  found  to  favor  the  vacancy  mechanism.  (Diffusion 
constant  are  defined  by  Pick's  Lav.) 

Evidence  for  the  following  relations  also  are  reported  in  the 
above  mention  ad  publications  t (1)  the  free  energy  of  activation  of  diffusion  is  a 
linear  function  of  the  Belting  point  of  the  metal,  (2)  enthalpy  of  activation  if 
proportional  to  tha  melting  point,  (3)  the  enthalpy  of  activation  la  1 6.5  times 
the  latent  heat  of  fusion,  (4)  the  effect  of  pressure  on  the  diffusion  constant 
is  a function  of  the  eosp Feasibility  end  the  ohsage  in  entropy  of  activation. 
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The  above  Indio  ate  that  progress  le  being  made  tomrd  eluci- 
dating the  mechanism  of  diffusion.  It  la  hoped  that  at  the  expiration  date  of 
this  projeot  there  say  be  a basis  for  estimating  the  amount  of  additional  research 
necessary  to  obtain  a definitive  clarification  of  diffusion-through  the  cae  of 
Pick's  Lav,  Arrhenius  equations,  and  theraodynsaio  quantities* 

•••  ~ y*?— * 

Thin  films  of  various  substances  adsorbed  or  oheai-sorbed  to 
surfaoes  of  metals  and  other  soldis  markedly  influence  the  properties  of  the  sub- 
strates and  are  thenselvsB  importantly  affected  by  the  substrates*  A study  of 
the  phwaaswna  involved  eas  undertaken  as  part  of  the  larger  study  of  the  properties 
of  solid  surfaces*  A better  understanding  of  sueh  properties  should  lead  to  de- 
velopaosnt  of  better  proteoted  surfaces.  Che  method  is  the  deposition  of  thin  metal- 
lic^ films.  To  make  this  successful  the  basic  principles  governing  formations  of 
films  in  general  on  substrates  in  general  must  be  better  known. 

Early  progress  in  this  study  vas  published  under  the  title, 
"Growth  of  Alkali  Halide  Crystals  from  the  Vapor  Phase  and  from  Solution  onto  Sub- 
strates of  Mica.**,  It  was  found  that  this  substrate  oriented  the  (111)  face  of  de- 
posited crystals  in  a direction  normal  to  the  stbstnte.  It  was  also  found  that 
closely  matched  Interatomic  spacing  of  substrate  end  of  deposited  crystals  favored 
Initiation  of  growth  through  formation  of  a monolayer,  and  that  mismatches  ex- 
ceeding 10%  favored  growth  according  to  oriented  nuclei. 

Improvement  in  the  technique  of  studying  thin  overgrowths  was 
published  under  the  title  "Examination  of  Thin  Overgrowths  by  Multiple  Scattering  of 
Electrons".  The  oomnon  reflection  method  of  observing  oriented  overgrowths  by 
electron  diffraction  was  improved  by  using  the  reflected  beam  from  the  substrate  as 
the  incident  bees  on  the  deposit. 

Since  the  physical  and  chemical  properties  of  thin  films  are 
greatly  affected  by  the  thickness  of  the  film,  it  is  of  prime  importance  to  es- 
tablish good  methods  for  measuring  thickness.  Progress  has  been  made  in  this  di- 
rection by  improving  the  method  of  vising  the  Fabry-Perot  interferoseter  for  this 
purpose.  This  was  published  as.  "An  Interferometric  Method  for  Accurate  Thickness 
Measurements  of  Thin  Evaporated  Films Bj with  the  improved  method  the  thickness  of 
unifora  thin  files  of  silver  tma  measured  to  an  accuracy  oft  15  angstroms,, 
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Optical  methods  for  —wring  flla  thickness  necessarily  in- 
volve reflection  of  light  tram  serf  sees.  Surface  reflection  la  attended  by  a 
number  of  phsnanena,  including  change  of  phase.  Investigations  la  this  field 
have  been  published  under two(2)  titles,  "Concerning  the.  Values  of  Phase  Chang— 
Accompanying  the  Befleotlon  of  Light,  and  *M  Ssperiesntal  Study  of  the  Change  In 
Phase  Accompanying  Befleotlon  of  Light  fron  thin  Sv  spore  ted  Films  8 . Of  signifi- 
cance la  tiie  finding  that  tar  thin  deposit®  exceeding  several  hundred  anga irons 
ixr  iaicknagn  toe  results  an  eonaiatent  With  equations  of  alectrcmigoetic  theory 
but  fbr  thinner  deposits  they  ax’*  explained  by  light  scattering  rather  than  by 
deflection. 

An  early  estimation  of  the  pertinence  of  eoatlnasd  research 
in  optiee  to  the  study  of  surfaces  and  thin  fllj*  ,1s  planned* 


The  Gbeniatry  of  Boron  Hydrides  and  Related  hydrides 
464-4-3  moroi  2 SSI.  CCHPUSTKB.  Jmur  1953 

smmsxm  asismstt  a. a.  Reinhardt  gr*  33227 

University  of  Wohjgwn 

the  purpose  of  this  task  le  to  study  the  reaction  of  diborane 
and  hydroy  lamina  yielding  a coupler,  including  stability  studies 
and  evaluation  of  polyneriaation  posei  bill  ties.  It  is  also 
intended  to  nsaeure  the  exchangeability  of  faydrogsn  atone  bonded 
to  boron  and  nitrogen  atone  in  diborane  niancnln  complexes  with 
a view  to  evaluation  of  bond  character. 

TO  DATE i Bxperinanta  were  carried  out  to  elucidate  the  structures  of  di- 
borate (B2H4)  and  the  diansonlate  6 f diborane  (B2B6.2KH3).  (1)  The  source  of  the 

hydrogen  fron  the  reaction  of  with  sodium  in  liquid  — nMw  was  studied 

by  the  use  of  deuteriun  as  tracer.  Proa  . 2SH-.  all  the  hydrogen  appeared  as 
B2,  but  fro  cl  B2H4.2HD3  about  half  was  H2  and  half  Dg.  These  results  show  that 

hydrogen  attached  to  boron  ia  sore  negative  than  that  attached  to  nitrogen,  but 
that  there  is  a considerable  isotope  effect  In  the  reaction.  (2)  The  quantity 
of  hydrogen  obtained  from  this  reaction  was  found  to  be  less  then  that  predicted 
by  the  structure,  HH4  (BHjSHgBHg)-  formulated  in  the  literature,  and  the  fact 
that  the  sure  active  natal  potassium  releases  sore  hydrogen  then  does  s edits 
indicates  also  that  this  former  model  cannot  be  eorreeio 
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It  has  been  tm aad  that  than  la  ad  exchange  between  the  hydrogen 
ateaa  la  (lipoid)  narM,i  and  eodlc»  bcroiydrlda,  Bda  la  further  evidence  of 
the  dif  ference  In  the  nature  of  hydrogen  bonded  to  boron  and  to  nitrogen* 


be  useful  starting 
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464-4-4  fgSSBEL*  2 S8T.  OflgMaCXOii  Deessfcer  1952 
OnaXaiMrtfiad  BBPCBSIg^  adSSTlSTSt  U M.  8t.  George  SS»  33227 
Hone*  • Waxtf  being  acoowpUshed  at  VADQ. 

The  pupae e of  this  task  la  to  aaaaure  rates  of  fine  propagation 
in  sySlwiw  of  gaOUttrleal  asad  cfeeaiedl  duplicity  with  the  ala 
of  obtaining  a variety  of  data  ty  which  existing  theories  eon  be 


9 


9 


9 


TO  DAB  t Too  approaches  are  being  need  to  use aura  the  so  called  fuadwamtal 

flam  Telocity  of  cowbostlble  systens  of  preseat  and  potential  Air  Force  interest* 
Apparatus  has  bean  developed  fbr  aaasttreasnta  at  constant  pressure  In  syetena  of 
(1)  spherical  syscetry,  and  (2)  cylindrical  ayuwtry,  to  pendt  evaluation  of  rela- 
tive precisions  of  the  two  aethods  of  Beasttrettoat*.  A program  of  critical  experi- 
nshte  has  bom  laid  oat  aad  coordination  with  other  investigators,  both  in  govern- 
Bent  laboratories  aad  in  other  research  institutions,  has  been  accomplished. 

Several  coupouada  have  been  synthesised,  which  are  of  special  interest  for  experi- 
nsntal  tests  of  the  so-called  active  particle  theory  of  flane  propagation.  Ap- 
paratus fbr  the  fiesta  velocity  neaanro&ents  is  paler  construction  aad  In  process 
of  testing* 

* # • # 


TOELSt  Decomposition  of  Fusing  Hi  trie  Aeid 

TASS  SO.  i 464-4-5  PBIQSITYt  2 BST*  OOMTOICBt  July  1953 


Project  So«  kfark-9  (Oeofc  # , 

wnynaat«  The  purpose  of  this  task  Is  to  study  tbs  nschsni*  of  the  4»- 

{gpoaltjn  of  rod  ud  white  fodag  nitric  uld« 

onoMBt  Apparatus  has  bsen  constructed  fbr  the  preparation  of  P®**  aitrlo 

•eld^  and  several  oall  t-p**—  of  the  anhydrous-  add  have  been  nods* 

Apparatus  la  b^wg  built  to  study  thr  course  sad  the  rate  of 
the  deoeapoalt&fla4f  fudng  nit*ie  add* 

Ip  order  to  assist  in  studying  this  reaction,  an 
hflf  t««n  d««rtMd  to  determine  the  oooccn  trailed.  of  both  nitric  aeid  sna 
nitsog®  dtoadda  la  a single  staple.  PreliJdnary  results  iadleate  that  the  nethod 
is  eapahle  of  a precision  of  at  least  0.8*  fbr  both  wasponents,  using  ordinary 
volmotrio  aqnlpunt. 

'v  " • • 0 • 
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TTB&I  Synthesis,  ttaaatlaM>  tad  Propartlaa  of  qpirma  and  Bdated 
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46^6  Pgflggt  2 BST.  OCWMBICit  July  1953 
Unclassified  f**«f*T«i*  flgrapnjft  Dr.  3.  Baldwin  ES*  33227 
University  of  California 

Hm  purpose  of  thie  task  It  to  extend  the  methods  of  synthesis 
of  spirana,  to  explore  the  reactions  of  pertleultr  epirone  that 
contain  soae  ivm— ^ structural  feature,  aad  to  study  the  phy- 
aioal  properties  of  certain  spdLrans  that  exhibit  unique  iya* 
laetry  propertlee  er  electronic  ewifiguratioas  with  a view  toward 
possible  utilisation  of  these  materials  as  lubricants  end/or 
polymers  at  higher  temperatures  than  presently  available  materials 

A contract  for  the  work  Indicated  above  has  recently  been  nege- 
started  1 July  1952.  . 

«*** 


Decomposition  of  Metal  Carbaoyls 
464-4-7  PBIQH3TY:  2 B3T.  OOPHjffICBt  April  1953 
Unclassified  tfgpqramg  sCZBTnStt  L.  Spialter  QTi  33227 
It  Hone.  Work  U being  accomplished  at  WADO. 
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The  puspose  of  this  project  is  to  study  toe  rates  and  mechanisms 
of  decomposition  of  various  natal  carbonyls  in  solution  and  re- 
sulting powder  particle  alee  as  a function  of  molecular  struc- 
ture, temperature,  solvent,  and  pressure. 


TO  DATgt  This  project  is  designed  to  study  the  thermal  and  photo-dscogpo- 

siticn  of  metal  carbonyls,  such  as  those  of  nickel,  cobalt,  iron,  tungsten, 
ohrocd.ua,  molybdenum,  ogsgua^  sta.,  in  the  liquid  ar  w/lutlsa  to  give  sus- 

pensions of  the  corresponding  metals.  These  suspensions  are  of  interest  in  mag- 
netics, ceramics  and  metallurgy. 

Apparatus  for  synthesising  nickel  o&rbccyl  and  similarly  pre- 
pared molecules  has  been  constructed.  A vaeuxm  train  for  handling  end  studying  the 
metal  carbonyls  and  their  decomposition  has  also  been  built.  Solvents  for  the  de- 
cceposition  studies  have  been  purified. 


Further  work  on  this  project  has  been  postponed  because  of  the 
transfer  of  the  active  experimenter  from  the  Chemistry  Research  Branch.  Work  will 
be  resumed  When  a suitably  trained  man  beoonsa  available. 


* * # • 
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AERODYNAMICS  RESEARCH  BRANCH 


The  Aerodynamic*  Rettarch  Branch  pi  cm,  initiate*  and  monitor*  new  re- 
tea rch  in  the  field  of  oerotfynsmict. . Th it  include*  work  in  the  field*  of 
perfect  fluids  research,  piteous  fluids  research,  hypersonic  end  den- 
sity research,  aircraft  aerodynamic*  research,  end  uittile  aerodynamic* 
research 


ACCCHFUSHKSJ5T  IN  SOUNWST  LASER  CONTROL 


The  Flight  Research  Laboratory  has 

supported  the  basic  research  work  of  Dr*  V*  Pferntnger  in  the  field  of  drag  re- 
duction by  control  of  the  boundary  layer  through suction  slots.  On  the  basis 
of  this  basic  work,  Dr*  Ffominser,  who  was  also  under  contract  with  the  Air- 
craft Laboratory  for  development  work  in  this  field,  was  able  to  cons  tract  and 
test  a wing  model  on  via  oh  .laminar  flow  over  the  entire  airfoil  was  maintained  - 
at  Reynolds  Numbers  corresponding  to  high-speed  full  scale  airplanes.  - _ 

n 

The  PRL  then  requested  Or.  Pfermingor  to  prepare  a report  showing  the 
preliminary  design  of  ah  Ifijpaain^tiB  which''  -laaihar~aAW'dould'be  mlnlainwd — 
over  the  entire  airplane*  It  was  found  from  this  study  and  discussion  with 
DP.  Theordorsen,  and  various  3urcpean  experts  who  have  dona  basic  work  In  the 
field,  that  a long  range  program  to  develop  laminar  flow  aircraft  was  advisable. 

so*  studies  revealed  further  that  it  was  possible  to  build  a 65,000  lb.  air- 
piano  which  was  capable  of  carrying  a 10,000  lb.  load  over  a dietanoe  of 
10,000  miles.  In  comparison,  an  airplane  with  similar  load  and  range  character- 
istics without  boundary  laynr  control  would  weigh  in  the  vicinity  of  230,000  lbs. 

In  othor  words,  an  aircraH  the  sise  of  a B-17  could  be  made  to  do  the  work  of  one 
tho  sise  of  a B-36. 

Tho  Aircraft  Laboratory  now  has  the  Northrop  Company  under  contract  to 
carry  forward  the  development  and  further  expansion  of  this  boundary  layer  con- 
trol program. 


With  Boundary 
Layor  Control 
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Unaim&gfyr  lifting  Surface  Theory 

465-1-4  PRICfiXTI:  2 figjJjgQgjgg*  Sept^sfe^i-  If  52 

Unclassified  Ha-sesimg  sopaiTOi.  L.3.  '4/4;  .'4:-/ 

Sr.  Erick  Roiscnar 

She  purpose  of  till*  took  1*  to  modify  the  integral  ®quailoa  of 
the  oscillating  lifting  surface  so  that  the  pressure  dletrlbuticn, 
force,  tad  aseeat  can  ho  ecmpatod  for  flatter,  goat  lead,  m& 
dynamic  stability  analysis. 


TO  £ATgt  A new  fom  of  the  exact  integral  equation  for  the  pressor*  dis- 

tribution of  the  rectangular  planfcrm  surface  has  bom  developed.  This  equation  has 
been  transformed  into  three  simnlta&eous  integral  equations  for  epemdso  variation 
of  circulation,  lift  end  aid-chord  memast.  Simplified  aethode  f*r  solving  these  equa- 
tion* trill  be  established. 


Parther  deralcpgggt  of  th**«  three  equations  tdll  W undertaken  to 
generalise  this  equation  In  ouch  a way  that  it  trill  apply  to  lifting  surfaces  of  ar- 
bitrary plarfom.  She  equations  are  net  presently  in  a fern  suitable  for  engineering 
application*  She  contractor  suggested  that  computations  ty  automatic  computer#  meld 
be  ef  rains* 

• * • * 
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Ming  Body  Interference  at  Kaeh  1*9 
465-2-9  PHICgHTi  2 K3T.  COMPHTICWt  Marsh  1953 
Unclassified  HK3P0M3IHLS  3CIMTI3Tt  Prod  L.  Dean  PT.t  24155 
University  ef  Miehlgsn 

She  purpose  of  this  task  is  to  provide  information  on  wing  body 
Interference  at  supersonic  speeds. 


SO  DATE  1 A contract  has  recently  been  negotiated  with  the  contractor  nsm- 

tioned  above  for  the  investigation  ef  pressure  distribution  on  a cylindrical  fun-, 
lag#  in  the  presence  of  thin  wings  at  two  angles  of  attaok  and  at  a Mash  Mo.  efl.9. 
She  results  of  these  tests  will  be  compared  with  existing  theory. 

Analysis  of  data  obtained  from  preliminary  experiments  on  the 
simplest  oaao  of  wing  body  interference,  i.e.,  detached  wing  influencing  body  without 
body  influencing  wing,  has  been  cos  pie  tod.  The  pressure  distributions  for  relatively 
small  wing  angle  of  attaok  indicate  the  following*  (a)  relatively  mild  softening  of 
pressure  Jumps  where  the  wing  shock  ispinges  directly  on  the  body;  nod  (b)  appreciable 
boundary  layer  cross  flow  on  the  body  i«  the  direction  of  the  wing  shock,  pier  large 
wing  incidence,  such  as  wing  angle  of  attack  ef  eleven  degrees,  the  boundary  layer 
influences  the  pressure  distributions*  on  all  parts  of  the  body  to  sash  sn  extent  that 
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restats  of  noaviecous  potential  linearised  theories  ere  not  likely  to  apply.  Pre- 
liminary calculations  Psrreri  linearised  theory  have  been  started,  The  contract 

for  tbs  construction  of  the  modal  has  been  negotiated  and  the  model  is  being  constructed. 


* * * * 
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itisn  of  Lift  Distribution  on  Low  Aspect  Batlo  tangs  at 

September  1952 
uti  ..—  gTT«  .ajj-sa. 

Cornell  Aeronautical  Laboratory,  Ino. 

Sis  purpose  of  this  task  is  to  provide  a rational  seens  for  pre- 
dieting  lift  distribution  on  low  aspect,  ratio  wings  and  on  wing 
body  combinations*  ^ 

aua,  A eontraot  has  reoontly  been  negotiated  with  the  contractor  mentioned 

•uore  for  the  development  of  e theory  of  lift  distribution  for  low  aepeot  ratio  wings 
sad  wing  body  ocnbinations  et  subsonic  speeds.  Sis  results  of  this  Investigation  will 
be  coopered  with  available  experimental  data.  This  data  is  needed  for  the  design  of 
delta  wing  airplanes. 

Phase  I of  project  has  been  oompleted  and  the  required  report 
has  been  subnit  ted.  report  presents  a solution  to  an  integral  equation  for  the 

lift  distribution  of  a class  of  low  aspect  ratio  wings,  which  has  developed  by  H.  B. 
Lawrence.  .Humarloal  results  are  chartered  in  matrix  fora.  With  the  aid  of  the  ma- 
trices; the  lift  distribution  for  an  arbitrary  twist,  css fcer,  flap,  etc.,  nay  be  found, 
provided  the  wing  in  of  the  general  class  considered. 

A report  has  been  submit  tedT  Showing  the  control  surface  effective- 
ness end  hinge  aooant  parameters  for  low  aspect-ratio  delta  wings.  Preliminary  cor- 
relation with  theory  has  been  good.  A number  of  missile  and  airoraft  companies  are  _ * 
doing  additional  correlation, 

* * * # 
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Research  on  Stability  of  Flaw  la  Boundary  Layer  Control,  Air 
Induction  Systems 

465-2-12  PRIORITY t 2 SST.  COKPISTIOlt  September  1952 
Caslftssifisd  wqpcgflTBL's  scTPyrrraTt  ~ Hans  Sckert  BXTt  24155 
Cornell  Aeronautical  Laboratory,  Inc„ 

The  purpose  of  this  task  is  to  explore  experimentally  the  nature 
@f  static  and  dynamic  instability  of  the  flow  ia  air  induction  eye- 
tans  with  a view  to  providing  data  to  fas ill tats  the  design  of 
boundary  layer  control  systems  and  solving  other  problsss  having  to 
do  with  the  iastability  ©?  digested  flews 0 
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Project  465-2-12  (Cost) 

TO  DATS:  A survey  of  literature  to  detendns  the  epiiaom  else  and  shape 

of  the  slots  to  be  employed  la  bcwadary  layer  control  application  has  been  completed* 
The  nodal  has  been  designed  and  is  tmder  construction, 

A preliminary  check  wasLmade  In  a 3"  x 16B  induction  type  tunnel 
with  velocities  of  200  to  300Yt/»e©  and  Reynolds  number  of  1*3  to  2.6  x 10®.  The 
turbulent  boundary  lsyer  profile  was  measured  for  rates  of  suction  from  0 to  11  ft3/»ec. 
She  high  set  suction  corresponds  to  reeoyal  of  the  entire  (0.35°)  boundary  layer  at 
tunnel  velocity  of  300  ft/see. 

Unstable  flow  is  jproduoed  when  only  cart  of  the  boundary  layer  t* 

removed,  thus  setting  up  m oscillation  in  the  tunnel  How.  An  attempt  to  stabilise 
the  system  is  being  made  by  installing  a screen  in  the  suction  plenum  nh amber  and 
pressure  capsules  are  being  .installed  at  strategic  points  to  study  this  phenomena. 

* * # # 

Vortex  Generator  for  Boundary  Leyer  Control  Through  Shook 
465-2-1 6 PKIOHrm  2 camxnmt  September  1952 

Bestrioted  ffl8K»SIg3  SCIStTISTt  L.3.  Vasserman  SXT.t  24155 
Uhited  Aircraft  Corporation 

The  purpose  of  this  research  is  to  lsarn  to  use  vortex  generators 
as  boundary  leyer  control  devisee  in  the  presence  of  shook;  it  is 
also  the  purpose  of  this  project  to  explore  the  potentialities  of 
vortex  generators  in  preventing  or  alleviating  a breakdown  and 
separation  of  the  boundary  layer  flow. 

TO  DATS i The  initial  work  on  this  project  has  been  of  an  introductory  nature 

with  serious  consideration  being  given  to  the  analytical  and  experimental  requirements 
which  will  provide  adequate  and  reliable  design  criteria  to  meet  the  problem  of  bound- 
ary layer  control  devices  in  the  presence  of  shock,  Work  has  centered  on  the  design 
and  setup  of  a model  test  rig  to  be  used  in  determining  vortex  generator  parameters 
affecting  boundary  layer  control  through  shock.  The  test  rig  has  been  run  to  a maxi- 
mum Mach  Ifaober  of  1,4,  Satisfactory  control  of  the  shook  strength  and  position, 
adverse  gradient  following  the  shook,  and  side  wall  boundary  layer  separation  down- 
stream of  the  shook  have  been  realised* 

Preliminary  tests  have  been  oospleted  on  a number  of  vertex  genera- 
tors showing  specific  improvement  an  boundary  layer  characteristics.  A study  has  been 
initiated  to  obtain  a better  physical  picture  of  the  action  of  vortex  generators. 

Larger  scale  teste  have  been  eliminated,  since  it  appears  sore  advisable  to  do  the 
testing  on  an  actual  airplane.  Effort  will  be  directed  toward  the  application  of 
vertex  generators  to  swept  wings. 


TITLE: 
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SECURITY: 
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hmreh  la  Transonic  Aircraft  Control  Problems 


445-2-17  PaiOKCTn  2 E3T.  COWPICTICHi  July  1953 

[I  OcafjdaatUl  flS8B3l8iag_aCiagggi  UK»W«sb  E»*  33195 

pgoa  sarmoTORi  felted  Aircraft  Con»r*tiao 

The  purpose  of  this  project  1*  to  provide  pertinent  knowledge  end 
dot*  oa  the  problems  of  stability  and  control  la  transonic  flight, 

devices  for  oontrol* 


Centrist  vu  warded  la  April  oa  this  project* 


• * • * 


Sm?*  W.  COKPlgTKW.  January  1993 

Confidential  aB3PGBBIBia_301»nggi  US,  MMMWa  ffl.i  2099 
Ooraoll  Aeroaaatieal  Laboratory 

the  purpose  of  *****  U4t  is  to  dttsnlM  the  extent  to  shirt  trsa- 
ooal/i  wind  tunnel  tests  aro  Indicative  of  tbo  free  flight  condition! 
sad  to  establish  astbods  of  eorrootion  for  such  wind  tunnel  tost 
results  as  will  bring  thaa  iato  bettor  agreement  with  frso- flight 

IdSj 

The  eon  tractor  has  investigated  tho  shook  formation  over  a wing 

nnghnnf  the  transonic  ntga  by  of  a tunnel  with  perforated  walls*  He 

aim  studied  tho  effoot  of  ******  of  saall  auxiliary  delta  wings  which  form  slots 
thb  flow  aboro  the  wing*  A prcpounoed  effect  of  the  shook  configuration  of 
delta  irfwflw  was  observed  sad  suy  prove  helpful  la  the  solution  of  aertala  probileas 
of  transonic  flight* 

It  was  originally  planned  that  a 1 sq.  ft*  blow  down  typo  tunnel 
would  be  constructed  for  tests  under  this  projeotj  however,  discovery  of  sobs  surplus 
D.C.  actors,  which  can  be  aade  available  by  the  Bureau  of  Slips,  has  caused  a re- 
vision of  planning*  A study  has  bean  Bade  of  the  suitability  of  these  motors  for 
providing  power  for  a continuous  flow  tunnel*  Design  studies  indicate  that  it  will 
be  possible  to  generate  a Reynolds  maber  varying  froa  tan  million  per  foot  at  Mach 
number  1*0  to  approximately  two  million  per  foot  at  Mach  mahere  froa  2*0  to  2*9* 

« « « « 
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TITLE? 

TASK  HO. ? 
SECURITY; 

PRIME  CONTRACTORS 


Wind  Tunnel  Tests 

465-4-3  PRIORITY?  2 BST.  CCmETIOHj  March  1953 
Unclassified  HBSP0K5THLE  SSIEHTISTi  L0S0  Wasssraaa  EXT**  24155 
United  Aircraft  Corporation 
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9m  pnpon  of  this  took  la  to  conduct  vial  ta 
to  detendns  possible  Methods  ftp  psuSsa&c  tho 


9m  contract  m 


MIL 


Stability 


9m  paupooe  of  tMa  task  la  to  investigate 
plana  during  atallad  fU^t  with  a view  ta 
control  of  otallod  aircraft* 


the  Motions  of 


TO  DATBi  flight  toata  haro  boas  flown  with  tha  greater  part  of  the  tlaM 

being  nntimwri  by  tha  adjustaant  of  9m  auto-pilot  la  an  nttawpt  to  find  a stable 
ocwM nation  of  airplane  and  autopilot.  Cto  the  More  recent  flights*  the  equipwant 
baa  perfected  to  the  point  where  cone  stalled  transient  reepenaoe  could  be  obtained. 


A tnaaber  of  antanatie  pilot  oontrellad  otalla  base  bean  nada  in 
Milan  the  airplane's  attitnda  was  controlled  anooeaa felly  throughout  the  stall.  Boo* 
ow,  the  autopilot  oosfrlnation  haa  not  yet  bee*  developed  to  a degree  that  will  allow 
a detailed  analysis  to  be  made.  Beflnenante  are  being  node  on  tho  control  system. 

Calculations  were  amis  of  the  amplitude  and  phase  of  tho  yawing 
and  sideslipping  notion*  referred  to  the  roll  rate*  in  th#  stalled  lateral  oscillation. 
This  node  is  analogous  to  the  Dutch  roll*  rede  in  installed  flight.  Thee#  oaloulatione 
will  help  in  determining  the  suitability  of  yaw  rate  and  sideslip  sensing  es  an  eld 
in  controlling  the  stalled  airplane. 

9m  frequency  response  of  the  autopilot  was  calculated  for  seroral 
values  of  autopilot  stiffness  and  amplifier  8 rate*  sotting.  The  results  of  these 
calculations  should  simplify  adjusting  the  autopilot  to  ndidadse  tha  objectionable 
3 o.p.s.  ooo illation  that  has  been  present*  without  passing  too  aaeh  10  c.p.s.  buf- 
feting signals  to  tha  control  surfaces. 


1* 
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Research  on  fflqr  Train  Principles 

A**-*-*  a WtJfflBffiBtt*  Jttly  1953 

Ocnfideotlel  BSSPOBSIBLE  SCIBBTISTi  L»8.  tfesoeman  BBT.i  24155 

Mr.  Bagr  Holland,  Jr.,  Bcv  Mexico  l&litary  Destitute 

The  propose  of  this  task  is  to  dstendae  the  advantages  end  die- 

advantages  of  the  ilqr  train  for  lone  renfe  A7  nisalons. 


TO  BATBi  A contract  baa  recently  been  negotiated  with  the  contractor  m- 

tiOKsd  above  fw  evaluation  of  toda  gria^La  hr  the  annUtiafcim  at  tha  

latest  scientific  nethode  In  aeronautics.  Coaparieone  of  the  Induced  dreg  of  reo- 
tangalar  Kings  to  that  of  elliptical  Kings  hart  been  mads  using  the  Multhopp  method 
of  rectangular  King  computation  fdr  varied  conditions  of  lead  and  lift  distribution,  ( 
Those  ccsyarisons  shov  that  the  advantage  of  elliptical  Kings  ever  rectangular  Kings- 
decreases  to  a point  of  relative  Insignificance  at  highaapect  ratios.  Connections 
of  several  types  of  flight  mite,  tip  to  tip,  to  give  large  aspect  ratios  have  been 
Investigated.  Theoretical  considerations  predict  e largo  gain  in  efficiency  for 
the  ehy  train  prineiplo|  however,  Khether  a practical  application  of  the  method  la 
feasible  has  not  yet  been  proven. 


Detailed  calculations  of  the  aerodromes  of  the  fleet,  based  on 
dreg  dote  for  conventional  aircraft,  indicates  that  five  unite  eaoh  about  1/5  of  the 
weight  of  e B~36wsuld  have,  aa  a fleet,  about  the  sane  range  and  payload  as  the  B-36. 
further  laproviaenta  can  be  obtained  fay  increasing  the  nxaber  of  unite  in  the  fleet. 
Veritable  procedures  and  equipment  have  been  developed  on  paper  for  hookup  (in  flight), 
for  maintaining  automatically  the  fleet  alignment  in  elevation  and  roll,  for  piloting 
Wad  maneuvering  the  fleet,  end  for  maintaining  fleet  stability  in  gusts  and  rough 
air,  as  well  as  in  smooth  air. 

The  task  has  been  completed  but  the  final  report  has  been  delayed 
because  of  additional  studies  which  were  deemed  desirable  in  order  to  determine  the 
next  step  in  the  research.  Aa  additional  year  has  been  added  to  the  contract.  The 
contractor  has  submitted  a report  on  methods  of  balancing  out  the  roll  accent  on  the 

tip  airplane  as  part  of  the  new  contract. 


* • * • 
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Study  of  Bomb  Bay  Turbulence,  Airplane  Stability  and  Shock  wave 
Phenomena 


MffiW 

SBCURITY* 

BRIMS  CONTRACTOR! 


465-5-B  FKIORTm  IB  BST,  CQPLgTIOWt  Dae  saber  1952 
Unclassified  RESPONSIBLE  ffiEgmSTi  Prod  L0  Dana  EXT,  t 24155 
Hondo  Work  being  accomplished  at  WADC« 


Project  No*  465-5-6  (Cent) 

FUHFQSBt  The  purpose  of  this  taels  is  to  study  the  air  flow  conditions  in 

the  open  hash  bay  with  the  ultimate  objective  of  alleviating 
bosh  dropping  difficulties . 

TO  DATBt  The  ins truasn tation  is  10058  complete.  The  airplene  will  have  a 

new  pilot  entrance  door  installed  before  the  initial  test  flight  is  made.  The  air- 
plane was  removed  to 'San  Be  mad  1 no  for  almost  eight  months  during  1951)  it  was  re- 
turned to  Wright  Field  in  November  1951*  All  the  pressure  and  electrical  recording 

jygjguL  ha«4  ha  mwlaaMi  

Che  instrumentation  check  flight  and  one  test  flight  have  been 
made*  Slight  modifications  to  bomb  bay  instrumentation  are  being  made  in  prepara- 
tion for  the  second  flight.  This  modification  is  necessary  due  to  the  extreme  tur- 
bulent flow  which  was  observed  on  the  initial  flight.  Various  methods  for  visuali- 
sing the  bomb  bay  flow  will  be  tried  in  order  to  supplement  the  tuft  data. 

After  several  test  flights,  it  was  determined  that  the  cameras 
in  the  bomb  bay  were  running  at  too  low  a speed  for  photographing  the  fast  moving 
tufts.  Also,  it  was  found  that  due  to  the  unsteadiness  of  the  direction  indicating 
vanes  in  the  bomb  bay,  the  vans  position  indicators  were  unsatisfactory  for  their 
purpose*  However,  direct  moving  pictures  of  the  vanes  gave  good  qualitative  re- 
sults. Also,  the  vanes  proved  much  more  useful  in  indicating  flow  directions  than— 
did  the  tufts.  As  a result,  high  speed  cameras  running  at  126  frames  per  second  and 
one  at  500  frames  per  second  are  being  installed.  Also,  the  number  of  vanes  in  the 
boob  bay  are  being  greatly  increased. 

It  has  been  found  that  movies  of  ping  pong  balls  released  in  the 
top  of  the  bomb  bay  while  the  bomb  bay  doors  are  open  indicated  well  the  flow  pat- 
terns. However,  the  higher  speed  cameras  are  also  needed  here  to  allow  a better 
tracing  of  the  balls.  The  camera  coverage  of  the  bomb  bay  is  also  being  improved 
with  wide  angle  lenses  and  better  camera  angles. 

The  results  show  that  a steady  large  vortex  exists  in  about  the 
front  third  of  the  bomb  bay  in  the  direction  such  that  the  flow  in  the  top  of  the 
bomb  bay  is  toward  the  nose  of  the  airplane.  The  flow  in  the  rear  2/3  of  the  bomb 
bay  is  relatively  complicated  and  not  very  defined  as  yet.  The  velocity  fluctuation 
instruments  are  being  relocated  in  the  rear  of  the  bomb  bay.  In  the  post  tests  they 
have  been  in  the  front. 


# » * * 
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•Study  of  Shock  Wave  Boundary  Layer  Interaction  and  Boundary- 
Layer  Control  Devices 

465-5-9  PRIORITY t 2 EST.  COMPLETION?  September  1952 
Unclassified  RESPONSIBIE  SCIENTIST*  W.C.  Griffith  EXT.!  24155 
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Project  So.  465-5-9  (Cant) 


33 EfiS* 


Home.  kbrk  being  aoco^llsbed  at  WADC, 

The  purpose  of  tide  task  is  to.  (1)  learn  the  sense  of  lose  of 
control  and  stability  at  high  speeds  and  to  try  to  establish 
the  criteria  necesearr  for  prediotiag  the  occurrence  of  the 
various  phsnoetana,  (2;  to  develop  methods  for  eliminating  or 
dalayljgi  the  glffloulties  to  greeter  speeds,  sod  (3)  to  de- 


velop lnstnmante  for  making  more  accurate  air  flev  measurements, 
such  as  boundary  layer  velocity  profile  and  temperature  distri- 
bution. 


TO  DATgi  Lurtruasntation  of  the  airplane  to  be  used  in  the  tests  has  been 

completed.  Functional  test  flights  are  now  in  progress.  Data  from  a flight  on 
15  Anuaijr  1952  ma  plotted* 


Six  test  flights  hove  been  flow  sines  the  last  report.  Several 
of  the  flights  mere  unsuccessful  due  to  mechanical  difficulties  encountered  with 
the  alipisme.  One  of  the  flights,  was  a pacer  flight  for  the  purpose  of  calibrating 
the  airspeed  system.  Boundary  layer  data  have  been  obtained,  on  the  wing  in  the  dean 
condition  and  with  straight  rectangular  vortex  generators  installed,  These  genera- 
tors were  set  to  give  eo-rctating  vertices,  .A  second  Set  of  generators  consisting 
of  45°  swept  airfoils  also  adjusted  to  give  oo-rotatihg  vortices  have  been  installed. 


A number  of  flight  tests  have  been  made  with  various  configura- 
tions of  vortex  generators  on  the  wing  at  the  30  percent  chord  location,  the  F-84  B 
airplane  being  usdd  has  shown  no  separation  behind  the  normal  shook  standing  on  the 
clean  wing,  as  indicated  from  tuft  plo tores.  However,  boundary  layer  shape  para- 
meter (H)  values  as  high  as  3.2  have  bean  determined.  (Usually  the  range  of  H from 
1.2  to  2.6  indicates  separation  or  imminent  separation). 

With  the  vortex  generators  installed  at  the  30%  chord  line,  the 
bovndary  layer  surveys  indicated,  in  general,  a sharp  drop  in  velocity  at  about  0,8 
inch  above  the  wing  surface.  It  appears  that  this  may  be  due  to  the  surveys  being 
made  in  a vortex  field.  This  point  is  under  particular  investigation  now. 

The  airfoil  wake  surreys  showed  that  for  the  range  of  conditions 
covered  by  the  tests,  the  generators  increased  the  drag.  Analysis  of  the  data  shows 
that  the  vortices,  for  most  of  the  configurations  tested,  are  cantered  behind  the 
generators  at  a height  above  the  wing  surface  equal  to  about  three  times  the  local 
boundary  layar  thickness.  A recommendation  of  the  United  Aircraft  Corporation, 

Which  is  studying  vortex  generators  under  an  A?  contract,  is  that  the  vortices  should 
be  located  in  height  at  the  generating  position  about  1,2  times  the  local  boundary 
layer  thickness.  Triangular  planfom  generators  are  presently  being  installed  in 
accordance  with  this  recommendation • 


r-  in  r\  r» 
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gtady  of  the  Shook  Km  Boundary  L^ar  Interaction  on  tea  Mag 
of  a B-45A  Airplane 

465-5-10  rowan  a «w.  jcwaao  8HU 

fml  l.  Ohm  IP»t  24155 

Iho  purpose  of  this  project  if  te  Hto4ST  te***  ***•  baaSdaaf 
\mr  interaction  if  otder  to  gain  a better  m^ersteading  of  tea 
rTimnam  aad.io  tayte  establish  tee  criteria  necessary  for  pro- 
dieting  boh  of  tea  adverse  effects  related  te  tea  interaction. 


1b  100S(  completed* 


Tha  liintni— itatlnn  of  tea  airplane  to  be  need  in  tbaaa  taata 


S»  first  teat  flight  has  bate  flaw*  to  wi  «««  *srT~i^ 
tei£8  rodiioaO*  tha  madam  sate  nowhere  ara  low  than  bad  bean  anticipated,  bew- 
ew  it  is /expected  that  onndltlcha  nay  ba  reached,  la  tedte  looal  wparaoaio  flaw 
urn  adat  o war  tea  taat  station  on  tea  King. 

; 4 mater  of  . taat  flights  have  bean  node,  primarily  tor  tea  par- 
poee  of  tea  boob  bay  tartfolaace Investigation*  Blffleoltiaa  idte  tea  oeofllatlng 
boundary  layar  probaa  hara  now  baan  overcoas.  The  boundary  layer  data  obtalnad  thus 
far  ia  presently  being  reduced* 


* # * * 


TltUS  i J 

WLSS. a* 

pane.  coiXBACicai 
E2BES£* 


Investigation  of  tha  Propagation. and  Decay  of  Cos$xression  Shocks 
n»ar»AMng  fren  and  Airplane  Flying  above  Kate  Sober  1 

U5-5-U  WgQgrtXi  2 BT.  eaPMHah  0eteb«19» 
caiftdwtia  mswmiaa  soiaror,  rn«  t.  »«■  ££•>  33155 
gone*  Work  being  acocepliahad  at  VADC. 

tha  purpose  of  tela  taak  is  to  accomplish  tee  followlngt  (1)  de- 
t ermine  tea  pressure  and  propagation  cimractes-istioe  of  the 
shock  wave  and  establish  the  theory  of  tea  fomtion  of  the 
vara,  (2)  gain  a batter  understanding  of  wave  drag,  and  (3)  de- 
termine tea  practicability  of  alight  modification  of  tha  wing- 
fuselage  juncture  to  lessen  tha  total  drag. 


TO  DATS*  Sevan  teat  flights  have  baan  aade  to  data.  Including  cne  air  speed 

calibration  flight,  Plana  are  being  made  now  to  supplement  the  airplane  instru- 
mentation with  ground  instrumentation*  Sound  pressure  data  obtained  from  teo  past 
flights  are  currently  being  evaluated. 

Instrumentation  on  the  ground  beneath  tee  divihg  ?-36  airplane  has 
been  used  for  measuring  the  magnitudes  of  tee  pressure  pulses  reaching  the  grosido 


Project  No*  465-5-13  (Coat) 


PUHPCa&i  The  purpose  of  this  euppleaeflt  is  to  determine  whet  neaeurea 

are  necessary  to  delay  in  flight  the  transition  of  the  boundary 
layer  from  3 miner  to  turbulent  flow  until  appreciable  drag  re- 
duction and  increased  lift  la  obtained  as  has  been  done  in  the 
___  laboratory* 


TO  DATS i Although  this  project  has  been  set  up,  no  efforts  hare  been  spent 

on  the  projeot  because  of  the  greater  our  rent  interest  in  other  internal  projects* 


AERO  FACILITIES  RESEARCH  BRANCH 


77m  A* re  Foeilitiee  Beeearch  Bratch  formeiatee  md  direote  a P™F— 
of  reeeorcl i on  problem  relating  to  the  Seeing  of  nem  fmilitiee  that  mill 
be  required  to  eupport  tlw  14DC  reeemreh  mnd  developmntprogrea.  „The 
fielde  of  research  may  include  trwiemic,  supersonic.  tetd  hypersonic  flam. 
«iM«M  of  fact*  in  goni,  special  compressor  cascades.  air  *******  (**+ 
stagnation  temperature s).  md  toot  instrumentation , &•'*?*  v* 

gtne rally  concst rated  on  mind  tunnel  and  engine  teat  facility  problem. 


AST  QT  V2SD  TOSS.  SSSKST  AD7AJCSS  XHBOCC0  RSSSA8CH 

Sw  nseiM  of  nM&reh  cd  ivo 
Facilities  eanaot-be  directly  measured  la  tans  of  air  weapons 
Ita  value  oan  only  be  reflected  is  the  increased  abilities  of  Research  ami 
Development  facilities  to  simulate  the  high  speed  oenrtt ticca  of  flight  which 
ctar  weapons  ere  expected  to  attain.  Facilities  need  by  the  DSAF  tpr  develop- 
cent  evaluations  work  hare  probably  bean  responsible  fear  saving  sore  lives  and 
valuable  equipment  than  any  other  materiel development.  Proving,  evaluating 
and  “d^-bugging*  constitute  the  major  effort  in  that  vork  called  development. 
WithoutT  facilities  of  the  appt  modem  design,  capable  of  a Inal  sting  those  con- 
ditions under  foich  ve  hope  our  air  weapons  Kill  operate.  davelacmaat  torogresa 
would  be  exceedingly  alow. 


The  Aero  Facilities  program  at  the  present  tine  oovera  some  22  projects 
dealing  primarily  with  research  en  vied  tunnels  and  engine  testing  facilities* 
Transonic,  supersonic,  sad  hypersonic  flow  problems  are  being!  studied.  Heat  of 
the  projeota  are  in  their  first  phases)  sou  significant  progress  has  been  made, 
but  the  major  accomplishments  are  jet  to  be  realised.  The  type  of  research  being 
conducted,  utilises  complex  test  set-ups  that  inquire  one'  to  three  years  for  their 
daajgi  and  construction,  after  idilch  the  experimental  research  portion  of  the  pro- 
ject vLll  begin. 


Of  the  present  projects  which  have  reached  the  testing  stage,  several  have 
made  contributions  to  the  advancement  of  the  art  of  wind  tunnel  desipi.  One  of 


the  contributions  of  this  program 
is  ’“The  Vide  Angle  Diffuser  Study" 
by  thlted  Aircraft  Corporation 
(B-46M-13). 


***  Ar  ttm  m*  n i £>•* 


foe  increasing  need  for  larger 
and  larger  multimillion  dollar  wind 
tunnels  has  made  it  imperative  that 
designers  strive  for  a maximum  in 
performance  of  all  components.  Over 
all  tunnel  efficiency  directly  de- 
termines foe  amount  of  power  which 
must  be  used  to  attain  a given  air 
speed. 

While  fairly  efficient  conical 
diffuser  designs  have  been  known  for 
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"Art  of  Wind  Tunnel  Design  Advances  Through  Besearch"  (Coot) 


Tears,  all  have  so ployed  expansion  angles  of  6°  to  9°.  Such  small  angles  lead  to 
long  structures  far  large  area  ratios  of  expansion.  In  a large  diffuser  (entrance 
diameter  of  toe  order  of  20*)  large  costs  and  appreciable  amounts  of  erltloal 
materials  are  Involved* 


The  amount  of  critical  materials  required  for  conventional  diffusers  can  be 
reduoed  if  toe  expansion  angle  ware  increased  (A  (fi  diffuser  required  approximately 


program  was  instituted  with  toe  United  Aircraft  Corporation  under  toe  direction 
Of  Mr.  L.  S.  Kanooi. 


3y  alloying  suction  and  wall  curvature  to  control  the  boundary  layer,' 
several  Wide  angle  diffusere  were  tested  with  .very  favorable  results*  It  was 
possible  to  operate  diffusers  of  approximately  two  to  one  area  ratios  and  20° 
equivalent  eons  angle  at  a net  effectiveness  of  99 % indialing  suction  power, 
for  inlet  Mato  number  aa  high  as  0*80*  (Effectiveness  is  a tern  eoaparehls  to 
"efficiency"  used  to  describe  toe  performance  of  diffusers).  The  internal  por- 
tion of  toe  diffuser  flow,  that  is,  all  toe  flow  except  the  portion  removed  by 
the  suction  slot,  closely  resembles  a potential  flow  field  such  that  the  total 
bead  distribution  at  toe  exit  of  the  diffuser  is’  very  nearly  uniform. 

In  brief,  application  of  the  results  of  this  research  should  produce  sub- 
stantial savings  in  edbstruotian  costs  of  future  wind  tunnels,  it  is  also  quite 
possible  that  these  results  oaa  be  utilised  'in  Jet  engine  design,  internal  air- 
craft ducting,  and  other  applications  where  weight  and  space  may  be  at  a premium. 
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Investigation  of  VtBuma  Bffeota  on  Plow  of  Oases  in  typer- 
Ww<  Tonoals 

465-6-1  mCRITXi  2 April  1953 

Unclassified  ^W5miLg  anpr^rr^r*  Copt  Bose  nr.t  ^2377 
Princeton  OnlverBity 

to  dote  rain*  whether  the  ooBdeoMtice  of  air  bmuf  the 


point  la  o eased  bj  lnpuritlas  or  by  spontaneous  nuolaaticn.  the 
studies  will  also  detennine  the  affects  of  viscosity  on  hyper- 
aonio  pressure  distributions,  attending  the  operating  range  of 
hypersonic  wind  tamale  to  hlgh«r.K*8h  oaahor  requires  an  under- 
ataading  of  air  condensation  pteuenoBi  hnh  en  understanding 
'ill-  |M‘to  onvlngB  in  cost  of  flow  generation  and  heating 
StfHpnant  ty  prevention  of  "over  design"!  ttao  by  Tader  ueaign~ 
mmi  oonseoBant  aodifisitiaBi, 


TO  DATS*  Prellninary  studies  hare  bean  wade  on  the  utilisation  of  gaaea 

other  thamair  for  hyper eonle  testing.  A ^wall  under-exp.mded  jet,  operating  with 
chatter  prekrqrea  op  to  200  pel  has  been  need  for  these  initial  studies  of  high 
Hash  natter  rate  jets.  From  these  tests,  it  has  been  oonolnded  that  with  the  pre- 
sent equipment;  Huh  natters  to  about  15  oould  be  attained  without  condensation. 

The  results  would  not  include  the  effects  of  dissociation  wed  Ionisation,  but  nay 
be  valuable  in  the  study  of  eons  single  viscous  effects. 

Progress  has  been  wade  in  the  theoretical  analysis  of  steady 
hypertonia  visoous  flow  over  a swi-lnflnite  flat  plate  in  the  region  away  from 
the  leading  edge.  It  has  bean  shown  that  there  is  a wedge-lilt*  donain  extending 
fro*  the  leading  edge  where  the  "higher  order"  viaooua  terws  can  be  nsglsotad. 
However,  the  pressure  gradient  normal  to  the  plate  la  no  longer  negligible  whan 
the  psronter  K°/R  is  not  wall  cospared  with  unity.  It  appears  therefore  in  the 
"second  approximation"  to  tbs  flow.  Solutions  are  obtained  aa  aaymptotio  expan- 
sions in  powers  of  (X  is  free  strew  Mach  number  and  S is  the  Reynolds 

nutter  based  on  distance  froa  the  leading  edge.) 

The  4”  x 4”  hypersonic  tunnel  has  been  in  operation  for  several 
weeks  utilising  air  os  a test  gas.  Proa  an  analysis  of  the  theoretical  results  ob- 
tained* it  is  clear  that  certain  hyparsonio  effects  do  not  become  appreciable  until 
X«10  or  larger,  Therefore,  tests  at  lower  ifech  lumbers  may  not  reveal  some  of  the 
main  features  of  hypersonic  flow.  For  this  reason,  the  plans  are  to  utilise  helim 
as  a test  gas,  in  that  Kach  Humber  of  the  order  17  may  be  possible  without  pre- 
heating. 


e e * * 
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ggagtgi  Unclassified  WMmig.u  3CmTI3Ti  Cspt  Bees  gT.  t 32377 

PHDg  COSTBAOTORi  Ohio  State  University 

PPBPOBBt  The  purpose  of  this’  task  la  to  detendno  the  optima  jet  and  dif- 

^ fuser  characteristics' for  open-jet  supersonic  tunnels. 

/.’  ‘ ’ - - 
\ 9t$srsoni c ttanels  constructed  to  date  hare  utilized  closed  test 

V sections  almost  exclusively.  This  has  been  done  primarily  for  tee 
reasons,  i.e.,  extension  of  aubsnnio  tunnel  con figurations  to 
higher  speeds,  sad  sore  efficient  utilization  of  power  then  could 

vantages  are  inherent  in  the  closed  system  to  offset  these  ad- 
vantages. Model  supports  and  instnSsents  moat  be  carefully  de- 
signed to  presnat  a winienm  of  lnterferenoe  on  model  perfomanee 
and  tunnel  choking j also  change  in  tost  Kaeh  Vusber  requires  ex- 
pensive flexible  walls  or  ember  sons  renewable  nozzle  blocks 
which  snot  be  exactly  lined  up  with  the  test  section  walls.  The 
open  jet  evsrocsee  these  difficulties  to  eone  extent  but  at  the 
cost  of  increased  power. 

Testing  of  power  plants  fall  scale  under  acttt&l  operating  con- 
ditions requires  tremendous  wind  tcmml  faoilltiea.  However,  the 
open— jet  principle  la  being  to  such  test  work  under  th* 

tern  "free  jet"  testing.  Ibis  research  program  will  investigate 
the  perfomanee  of  tbs  "free  jet”  me  a function  of  jet  dimen- 
sions. Considerable  savings  in  oosts  for  full  seals  tenting  will 
ensue  If  the  free  jet  method  can  be  perfected. 

TO  CAS i The  testing  program  using  the  12  inch  open-jet,  high  Mach  number, 

blowdown  type  wind  tunnel  was  continued.  Scoops  were  added  at  the  diffuser  entrance 
to  Increase  effectively  the  inlet  areaj  the  glass  sidewalls  of  the  diffuser  were  re- 
placed with  steal  panels  to  pemlt  use  of  higher  starting  pressures.  With  this  com- 
bine ticas,  flow  was  readily  "started"  at  a pressure  ratio. of  35.2  with  the  maxima 
physically  attainable  free- jet  length  ( 3*5).  It  was  also  possible  to  "start" 

the  flow  at  smaller  diffuser  throat  sizes  with  a resulting  increase  in  diffuser  ef- 
ficiency. Occasionally  "starts"  were  made  at  relatively  lower  pressures  even  though 
the  tunnel  geometry  was  not  changed. 

The  addition  of  a porous  plate  and  stilling  screens  within  the 
stagnation  chamber  from  three  percent  to  approximately  one  percent. 

Further  work  on  this  program  will  be  delayed  slightly  to  permit 
OSU  to  use  the  air  supply  for  an  urgent  program  on  porous  wall  c cm  figurations  for 
the  AEDC  transonic  .find  tunnel. 


« » e a 


134 


1 


\ 


Tina  «n,» 


Pols*  Starting  of  Sepersonic  Vlad  Tunnels 

465-6-3  PRXOSITT*  2 BBT.  CflMPLBIUi  October  1952 

jaasa&JsaaEass*  c^taw.  as.*  32377 

Cniversity  of  lOmfesota  ^ 

Ths  purpose  of  this  task  is  to  investigate  a mbs  of  starting  a ° 
supersonic  wind  tunnel  with  pressure  ratios  ssPiatially  equal  to 
those  required  for  running  at  a given  Kach  mater*  Secant  thoore- 
tleal  work  has  Indicated  that,  a large  part'  of  the  energy  and  cost- 
pressor  capacity  needOd  to  operate  conventional  supersonic  wind 
twmels»uith  find  gecnstry  diffusers  are  requlred  beoaase  of  the 
starting  precede,  •:  Experimental  verificatlcn  of  the  starting  pro- 
cess and  ths  development  of  s starting  technique  may  result  in 
the  saving  of  considerable  power  for  futuro  large  scale  super- 
sonic wind  tunnels* 


3L243*  ft^ertesnta  were  conducted  on  the  K *3*47  test  ehannel  vith  a 

choting  diffuser  Installed*  It  was  found  that  regardless  of  the  pressure  ratio  pro- 
vided In  the  teat  ohamol  it  wao  impossible  to  establish  stable  supersonic  flow  even 
with  a shook  tube  pressure  pulse.  It  wap  observed  that  the  pressure  pulse  did  shift 
the  shock  pattern  but  the  choking  shook  condition  scan  returned  In  the  nossle*  Peak 
pressures  as  high  as  5 atau  were  reeorded  In  the  stagnation  chamber  due  to  starting 
shock  tube  pulse*  A nossle  exit  pressure  of  *1  ate.  provided  an  overall  pressure 
ratio  of  50  which  still  did  not  establish  satisfactory  flow  with  ths  choking  diffuser 
installed* 


future  tests  will  Include  the  application  of  a vane  type  diffuser 
to  bl60d1n^Hrff  boko  of  tho  oir  bmmi  du/lBj  tho  otortliif  piooooB  bo  bb  to 

penslt  the  normal  shook  to  travel  downstreaa* 

* * * # 
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Perforated  Throat  Type  Transonic  Wind  Tunnel 
465-6-4  PHIQSmi  2 BST.  COMPLBTTQgi  July  1953 
Confidential  BBSPCBSTHLE  3CIfflTHTi  S.G.  Johnson  SXT.t  32377 
Cornell  Aeronautical  Laboratory 

Ths  purpose  of  this  task  is  to  Investigate  the  aerodynamic 
characteristics  of  a perforated  plate  type  transonic  wind  tunnel 
test  section. 


The  limitations  on  transonic  wind  tunnel  testing  have  been  very 
critical  in  high  speed  aircraft  development.  Large  test  sections 
and  very  small  models  have  been  the  only  acceptable  solution  to 
date,  which  leads  to  large  expenditures  for  tunnel  construction 
and  questionable  data  from  small  models.  A recent  solution  to 
this  dilemma  is  tee  theory  advanced  on  development  of  effective 


ur\i  1L  _JTI  /\  n 
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Project  So.  465-6-4  (Cent) 


wo  caned  1 alien  methods  in  the  test  Motion.  (toe  such  method 
presently  considered  la  the  porous  type  test  Motion  tdiloh  1* 
proposed  for  this  project.  ^ 

tP  BABBt  The  primary  objective  of  current  perforated  throat  research  is 

to  study  the  shook  absorption  characteristics  of  a perforate  plate  as  Influenced 
by  the  dimensions  of  the  plate,  the  aaas  flow  of  air  moved  through  the  plate  and 
the  condition  of  the  bcundaiylsysr  we  the  plate.  — 

Experiments  have  been  mads  aft  a Maoh  lumber  of  1.20,  using  both 
two  and  three  dimensional  bodies  to  generate  eoapreseicn  shook  waves  to  be  impinged 
on  a section  of  perforated  plate  on  the  floor  of  the  tunnel.  Pressure  distribution' 
on  the  floor  and  in  the  field  between  the  floor  and  the  nodel  ware  measured.  Data 
ware  obtained  on  boundary  layer  renoval  by  the  plsmmi  section  and  increased  dif-  . 
fuser  efficiency  doe  to  discharging  high  energy  sir  into  the  diffuser.  Is  considerable 
pressure  data  we  taken,  the  redaction  and  plotting  of  this  data  will  be  w 
benefloiel  in  oonsldaraticnii  pertaining  to  the  deet^i  of  a large  soale  facility. 


# * • • 
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Besearch  an  Hypersonic  bind  Ta&nsls 
465-6-7  mmrxt  2 83T.  COMPLETIOBi  January  1953 

OwUssifled  MBMB3I&E  SCiamBTt  Ospt  Bobs  BCT.i  32377 
California  Institute  of  Technology 

Ihe  purpose  of  this  task  is  to  obtain  data  necessary  fbr  the 
proper  destga  of  large  seals  hypersonic  wind  tunnel  facilities. 

the  condensation  of  air  coupon  wots  is  possible  vtdsr  certain 
operating  conditions  in  hypersonic  wind  tunnels,  the  "bow 
when"  of  the  phenct-anon  are  not  fUHy  known;  however,  such 
ledge  is  a prerequisite  to  the  design  of  s satisfactory  tunnel 


tb  DABS i Msmorandtsa  Bo.  6 issued 

19,  jointly  sponsored  by  Array  Ordnance  and 


6 issued  by  C.X.T.  Oder  Contract  DA-04-49 5-QK&- 
DSAP,  fully  covers  this  investigation. 


As  a part  of  this  program  on  hypersonic  tunnel  research,  on  in- 
vestigation was  made  of  the  supersaturatien  characteristics  of  air.  A stain- 

less steel,  two  dimensional  source  flow  ncszle  Supplied  with  bottled  nitrogen  was 
used  far  the  scadsnssticn  investigation.  It  was  found  that  the  nitrogen  super- 
saturates at  approximately  15°K  or  1.2  Mach  number  when  expanded  frea  stagnation  con- 
ditions of  .70®?  and  pressures  of  8.21  and  16.15  atm.  A maabsical  method  for  solving 
the  equations  of  motion  with  the  aid  of  the  experimental  data  allows  the  computation 
of  the  fluid  temperature  during  the  condensation  processo  The  addition  of  esall 


Project  Ho.  465-6-7  (Coot) 


•notate  of  carbon  dioxide  reduced  the  degree 
bottled  nitrogen.  This  lores  ligation  h&a  pr 
the  mcohenlaas  of  oondeaeation. 

* * * # 

Hyperballlirtio  Research  - 

* 465-M  mosmt  * 


of  duporlaturation  obtainable  with 
nrldsd  the  first  ftadwnamtel  insight  on 


t Jtme  1953 


The  purpose  of  this  task  is  to  provide  criteria  for  future 
hypersonic  research  facilities. , 

TO  DABt-  Experiments  conducted  in  the  SOL  12  x 12  ca.  continuous  hyper- 

ball  intlc  wind  tvomel  have  defined  the  limitations  of  present  Super sonic  Wind 
tunnels.  Measurements  of  preeaurea  in  the'  nossls  show  that  air  condensation  oc- 
curs if  flow  pressure  and  temperature  fall  below  the  saturation  line  of  sir.  This 
condensation  esa  be  eliminated  by  preheating  the  supply  air  of  the  wind  tunnel. 
Tentative  experimental  criteria  of  wlniarua  supply  temperatures  to  minimise  air- 
condensation  effects  on'  ths  flow  in  tbs  test  section  are  presented.  It  is  found 
that  only  static  pressure  and  shook  angle  measurements  are  sensitive  to  air  li- 
quefaction effeots,  Results  of  the  thermodynamic  treatment  of  the  condensation 
prooess  and  some  measurements  on  boundary  layers  sad  possible  flow  separation  at 
high  Mach  numbers  have  been  evaluated. 


« • * • 
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Air  Poll  Cascades 
<465-6-? 

Unclassified 
Purdue  University 

The  purpose  of  this  task  is  to  investigate  various  cascade  of 
airfoils  having  specific  applications  to  wind  tunnel  compressors 


t March  1953 
M.  Lawson  BH-*  32377 


The  trend  toward  large  single  unit  axial  flow  compressors  for 
powering  supersonic  wind  turn  els  makes  it  rteeeSsary  that  such 
equipment  be  designed  to  result  in  maximum  performance  at  min- 
imum cost.  This  problem  is  complex  and  needs  to  be  attacked 
from  many  angles;  erne  attack  is  to  develop  blade  sections  having 
characteristics  peculiar  to  wind  tunnel  needs. 

The  basic  requirements  for  such  a blade  section  are  a high  ori° 
tloal  Mach  number  and  insensitivity  to  moderate  changes  in 


Project  Bo.  465-4-9  (Cost) 


Incidence  angles,  Present  blade  sections  hare  a critical  Kaeh 
number,  spprcadmataly  0.9*  However,  changes  la  inoldanoe  eagles 
draatioally  lowers  this  Halting  Kaeh  amber  and  forces  the  de- 
signer to  select  bis  design  point  at  somewhat  lover  values.  Ibis 
research  prograa  will  Investigate  through  the  use  of  stationary 
blade  caaoades  and  blade  shapes,  which  better  satisfy  the  above 
requirements  than  presently  available  sections. 

id  U*TBt  Testa  were  conducted  on  a caaoads  aodsliacorporatlng  blade  seo- 

tione  as  proposed  by  tbs  Westinghouse  Electrio  and  Manufacturing  Company  for  use  In 
tbs  Propulsion  Wind  Tunnel  Compressor  slated  for  installation  at  ABJC.  Bobs  at  0°, 
plus  3°  incidence  angles  have  been  completed)  analysis  of  these  data  la  now  underway. 
Additional  tests  at  plus  6°  mod  minus  6°  Incidence  angles  are  planned  for  tbe  veiy 
near  future.  Cto  completion  of  these  rune  further  investigation  of  tbs  effect  of  nose 
shape  on  choking  sensitivity  as  a function  of  Incidence  eagles  will  be  studied  sob- 
perinea  tally. 


Two  technical  reports  on  experimental  phases  of  the  research  con- 
tract were  completed  and  distributed  during  the  month  of  February.  Copies  of  these 
reports  have  been  received  ty  Flight  Research  Laboratory  and  are  listed  belowt 

"Supplemental  Testa  on  Effect  of  Blade  Height  and  Upstream 
Turbulence*,  B.  C,  Binder 

"Sasttary  Report  on  Teste  with  Different  Bose  Shapes*,  B.C.  Binder 

* * * * 
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Supersonic  Bossies  and  Diffuser# 

465-6-10  PRIORITY!  2 BST.  COMFLETIOf!  Kerch  1953 
Unolaseified  HESPCH3IHLB  SdamSTx  E.  Walk  EXT.  i 32377 
lACTORi  University  of  Texas 

The  purpose  of  this  task  is  to  provide  added  information  on  the 
design  of  supersonic  test  channels  with  emphasis  on  nozzles  and 
diffusers.  Reduction  of  tunnel  losses  and  'thereby  increasing 
overall  tunnel  efficiency  is  of  prism  importance  in  the  design 
of  experimental  aerodynamic  testing  facilities.  The  largest 
part  of  these  losses  occur  in  the  diffusers  and  nozzle  section. 
This  proposal  concerns  itself  with  the  analysis  of  the  losses 
and.  recommendations  for  minimizing  them. 


RESTRICTED 

Project  So.  465-6-10  (Coot) 

TO  PA1B i A report,  ■Aerodjrnawia  QieraeterietlOa  of  Soules  sad  Diffuse*** 

for  Soper  sonic  Tunnels0,  received  from  the  coot  rector  ie  sumariaed  la  this  pert 
u follows  I ^ .... 

In  the  experimental  results  oorered  in  Pert  I,  the  perfopeaes  of1 
subaonlo  ecnloel  diffusers  with  fully  turbulent  flow  at  the  diffuser  lalet  ere  re- 
viewed. Experiments  were  conducted  at  $ end  total  expen alon  angle  sad  investi- 
gations ware  Bade  at  area  ratios  of  3#  6,  end  9*  The  total  pressure  recovery  was 
determined  as  a function  of  available  energy  at  the  diffuser  eat ranee.  Se suite  are 
mii'i  tiii  wB  wiuoq1  il  t mi  li  1 1 Mi  ill  B*j,  gopei*BniOfl  P0181W  TOT  a SBOfi  ttUttbST 

of  5.  The  nossles  studies  were  an  azl  symmetric  noesle  of  circular  cross  section  and 
an  asymmetric  nosilo  of  square  cross  section. 

3h  Part  n,  a method  is  fmeeemted  for  calculation  of  the  boundary 
layer  growth  in  the  ease  of  steady,  two  dimensional,  incompressible  flew  with  an  ad- 
verse pressure  gradient.  The  ultimate  aim  is  to  derive  a method  for  making  calcu- 
lations of  this  sort  for  the  csss  p t compressible  flow,  and  the  significant  feature 
of  the  present  method  is  that  it  m qr  be  eoctomdad  to  take  account  of  compressibility. 
Comparison  of  theoretioal  calculations  <nd  experimental  results  shew  a fair  corre- 
lation. It  is  believed  that  further  refinement  of  the  theory  will  lead  to  satis- 
factory correlation. 


« • « • 
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Adjustable  Supersonic  Hossle 

465-6-11  PHIOBITTt  2 BST.  COKPUCTICgt  December  1952 
Onoiassified  HSSPCWSIHLg  3CISm3Ti  B.  Walk  32377 

University  of  Xiohlgaa 

The  purpose  of  this  task  is  to  provide  criteria  for  adjustable 
noaale  design  for  supersonic  wind  tunnels.  Experience  to  date 
has  necessitated  the  fabrication  of  noaale  blocks  for  various 
Kaoh  rushers  in  test  channels.  The  BACA  has  produced  variable 
corner  noaales  but  the  flow  has  not  been  too  acceptable  to  date. 
It  is  proposed  to  design  a satisfactory  variable  Mach  number 
noaale  and  evaluate  the  performance  characteristics. 


TO  DATBt  Experiments  on  the  modified  subsonic  and  transonic  regions  of  the 

corner  nozzle  were  completed.  The  results  indicate  that  the  modification  of  the 
original  contour  has  eliminated  the  separation  from  the  leading  edge  of  the  lower 
block  in  the  Me»i,40  position.  Therefore,  thejflow  up  to  and  including  the  scale 
line  may  be  considered  satisfactory  for  toe  Mach  number  range  1.4  and  4«0  on  the 
basis  of  the  investigation  conducted  at  the  limits  of  toe  range.  Satisfactory 
agreement  between  theory  and  experiment  has  been  achieved  for  these  regions  of  toe 
nozzle  flow. 
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Pabrioation  and  aasenhay  of  ducting  to  the  air  reservoir  la 
nearing  completion.  The  bobbIo  design  is  progressing  with  details  mn  being  com- 
pleted. Moat  of  the  prelidinazy  instrumentation  design  has  bean  accomplished,  An 
investigation  into  the  a ccureay  of  interf  erase  ter  in  supersonic  flow  has  been 
written  op  as  Hind  Tunnel  Wsxnrsnrtmn  226* 


# # e • 


TTTLBt 
7m  8O.1 


peps  carmcTo&i 

aasag* 


Besearph  on  Scavenging  Systems 

465-6-02  EBJSBSS*  2 B3T.  CQg^TICii  Fabru axy  1953 
Unclassified  BBgCKSIHIS  SCmTISTi  S.  Walk  SET. z 32377 
Cornell  Aeronautical  labor  atozy 

The  purpose  of  this  task  is  to  obtain  data  tdiioh  can  be  used  in 
dseijpdng  editable  scavenging  systems  for  supersonic  wind  tunnels. 
Proper  alaalaticn  of  altitude  operating  ccaaitioos  of  power  plants 
in  a Wind  tunnel  requires  adequate  removal  of  the  products  of 
combustion.  Contamination  of  the  main  air  stream  with  even  a 
small  percentage  of  exhaust  gases  would  in  a short  time  invali- 
date test  restate.  Removal  of  exhaust  gases  discharged  into  a 
supersonic  air  stream  has  introduced  a thole  battery  of  aero- 
dynamic design  problems  thioh  must  be  evaluated  to  assure  the 
development  of  a satisfactory  scavenging  system. 


TO  5ASt  Progress  has  been  slowed  down  due  to  the  use  of  the  8*  x 10* 

wind  tunnel  on  higher  priority  projects,  Be-eocareinatloa  of  previously  obtained 
data  is  underway  in  an  effort  to  obtain  better  correlation  with  the  work  of  other 
investigations  in  this  field* 


# * * # 
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Wide  Angle  Diffuser  Study 

465-6-13  PHXORITIi  2 S3T.  CCKPLSTIO81  Dec  amber  1952 
Unclassified  HS3PCKSIBLB  SCI3TFIST>  R.H.  Hills  EXTi  32377 
United  Aircraft  Corporation 

The  purpose  of  this  task  is  to  investigate  a naans  of  improving 
the  efficiency  of  wide  angle  diffusers  for  wind  tunnels.  Bis 
problem  of  increasing  tunnel  efficiency  is  essential  in  test 
faclllty^dfiaign.  „ The  major  subsonic  losses  occur  in  the  dif- 
fuser section;  thus,  concentration  of  effort  to  increase  overall 


Project  So.  465-6-13  (Cant) 


efficiency  iff  concerned  with  this  diffuser  Motion.  A proponed 
wide  eagle  diffusa*  Appears  to  provide  4 pee  Bible  improvement 
on  previous  design*,  (i^jhorougb  analysis  of  this  problem  Is 
very  wall  justified  in  vie*  of  considerable  future  aero  facility 
development*  : 

gLaH8t  By  employing  suction  end  well  curve  tore  to  control  the  boundary 

layer,  en  idea  ecneeired  by  Sr,  A.  A,  Griffith,  eeverel  wide  diffusere  were 

designed  and  tested  with  Very  fefcoreble  results.  It  wes  possible  to  operate  dif- 

fusers  of  saarartmetelT  ^ to  l srae  «mi  and  mm  »ei«  afr  a Mt 

effectivenesses,  Including  notion  power,  of  94$  for  Inlet  Keoh  nsobera  es  high  es 
0.00.  fte  internal  portion  of  the  diffuser  thorn,  that  is,  ell  the  flow  except  the 
portion  removed  at  the  station  slot,  closely  resesbles  e potential  flow  field  such 
that  tbs  total  head  distribution  at  the  exit  Of  the  diffuser  is  very  nearly  uniform. 

There  appears  to  be  e practical  Unit  to  the  negnitude  of  angles 
at  which  these  diffusere  ere  feasible,  For  example,  it  was  not  practical  to  operate 
a 4*25  to  1 ares  ratio  diffuser  with  an  equivalent  oonioal  angle  of  40°  because  of 
ite  extreme  sensitivity  to  alight  disturbance*.  Zn  order  to  eliminate  this  sensi- 
tivity it  was  necessary  to  remove  an  excessively  large  portion  of  the  inlet  flow. 
However,  it  has  been  shown  that  within  ita  Units  this  type  diffuser  oan  out  perform 
an  equivalent  conical  diffuser  of  natch  greater  length  mid  thus  nay  have  many  q>- 


* ♦ * * 

now  Visualisation  Research 

465-6-14  FSIOSIUt  2 S3T.  CCMPLBTICHt  Continuing 
Unclassified  BgSPCSSIgLB  SCIBTTlSTf  Capt  Boos  EJg.i  52377 
University  of  California 

The  purpose  of  tills  task  is  to  conduct  a fundamental  investigation 
of  flow  visualisation  at  very  low  pressure,  where  existing 
Schlieren  and  interferometer  techniques  no  longer  have  sufficient 
sensitivity  to  penult  observation  of  the  flow, 

TOPAIBi  Tests  in  the  transparent  pipe  equipment,  using  dry  air  and  an 

R.F.  Discharge  have  been  completed.  Several  runs  were  made  in  the  Mo.  3 wind  tunnel 
using  a cross  stream  electrode  system  with  60  cycle  A.C.  power.  Both  hollow  ca- 
thode and  hemispherical  electrode  geometries  were  tested.  A long  life  moderate 
Jnteneity  afterglow  was  produced  with  air,  allowing  photographic  studies  to  be  made. 
The  persistence  of  this  afterglow  hampered  the  tests  by  increasing  the  background 
density  of  the  photographs.  Methods  of  quenching  this  persistence  after  the  stream 
has  pa s 8 ad  through  the  test  chamber  are  now  being  investigated. 
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Project  So. 


465-6-04  (Coot) 

The  addition  of  HOto  tho  fir  strofam  as  a Manns  of  increasing 
the  glow  was  investigated  with  HF  excitation.  Tor  low  power  Inputs  (1/4  to  1/2 
a lspot  to  BF  oscillator)  the  addition  of  approximately  one-teeth  of  one  percent 
BO  to  the  main  stream,  m visual  lncreaee  could  bo  noticed,  leading  to  an  aeetop- 
tiofc  that  a saturation  Intensity  level  had  teen  reached. 


Speotrographlc  oteervstiens  of  the  separate  types  of  nitrogen 
glow  confines  the  belief  that  both  a long  life  Lewjp-Balwltf>  afterglow  end  a second 


afterglows  produced  in  the  transparent  pipe  eealpnMot  Indicates  that  no  abnormally 
high  ion  level  eodots  in  the  short  Ilfs  intense  afterglow.  Final  spectre  sad:  ab- 
sorption data  hare  teen  oolleoted  for  tec  reports  to  be  issued  describing  the  14704 
oxygen,  absorption  flow  visualisation  of  a strong  source  of  14504  end  a second  report 
will  deal  with  the  performance  tests  of  the  racoon  spectrograph  Monochromator  used 
for  the  absorption  Investigation. 
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Research  on  Mixing  Process  of  Jet  Btplngtng  Into  a Streaa  of 
Large  Mass 

465-6-17  m SS2S»  2 KT.  CCMPLSTKgt  March  1953  „ 

Unclassified  B83P0BSXBLS  SCIBlTISTi  B.  B41k  JETT*  32377 
University  of  Illinois 

The  purpose  of  this  task  is  to  investigate  analytically  the  tur- 
bulent process  of  tup  Merging  air  streams  flowing  at  dif- 

ferent velocities. 


The  wiving  of  two  fluid  streams  occurs  many  times  in  Modern  air- 
craft machinery,  e.g..  Jet  propulsion  devices,  scavenging  in  pro- 
pulsion wtwd  tunnels,  jet  pvssps,  etc.  There  are  eases  where  the 
secondary  flow  is  induced  by  the  primary  jet  only,  but  often  the 
secondary  stream  has  a velocity  before  mixing  occurs.  For  proper 
evaluation  and  design  of  the  component  parts,  such  as  flame  holders, 
augmentation  devices,  tall  cones  and  for  proper  design  of  sca- 
venging systems  of  propulsion  tunnels,  the  knowledge  of  the  mix- 
ing mechanism  is  necessary.  However,  no  complete  understanding 
of  this  mechanism -exists,  in  spite  of  the  numerous  investigations 
which  have  attempted  to  clarify  the  mechanism  involved  in  the 
sixjng-of-treo.  streams . - ^ . 


Project  Bo.  465-6-17  (Coot) 

TO  BACBt  This  program  is  concerned  with  the  theoretical  analysis  of  three 

different  fleer  uses  aad  progress  cm  each  is  indicated  as  follows  i (l)  Leariivar?  la- 
ecapresslble,  pon-ej»»etrie  case!  teo  approximate  10*17*40  using  different 

berodary  conditions  hare  been  aide.  Ths  nawrical  mark  on  both  hea  teen  started. 
(2)  teadn&r,  ecBprsssible,  symmetric  case!  the  analysis  has  teen  ooaplstsd  and  la 
ready  for  nassrleal  work.  (3)  Turbulent,  inecnpressitola, . noa-synsstrib  eeaat  the 
basic  ahalysifl  of  the  airing  ~of  teo  turbulent  incompressible  stream  with  different 
velocities  has  been  completed. 


The  nrsaerieal  work  for  the  approximate  solution  la  the  laminar, 
inccepreesibla,  non-eyiBsetric  ease  has  teen  coapleted.  The  exeat  solution  of  thia 
is  being  analysed.  A technical  report  using  the  Ton  Sanaa  similarity  concept  for 
■ the  turbulent,  inecmpressibla,  afanstrle  oaae  has  teen  written  aad  will  be  published 
soon.  - . ........  t I' 
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Heat  Transfer  to  Flat  Surfaces  In  Supersonic  Flow 


465-6-19 

Unclassified 


El*  2 


sat.  ccBPiznart  iprii  1953 
aCBamSTt"  walk  BET.!  32377 

Kasaaehuaetta  institute  of  Technology 
The  purpose  of  this  task  is  to  provide  data  that  eaa  be  used  to 
prediet  test  transfer  rates  sad  wall  temperatures  in  supersede 
wind  tunnel  test  section.  The  problem  of  transfer  of  teat  from 
a supersonic  stream  to  a surface  is  of  great  importance  Id  the 
design  of  large  supersonic  wind  tunnels  where  every  effort  is 
being  made  to  simulate  free  flight  stagnation  temperature.  At 
the  higher  Mach  mashers  these  temperatures  become  quite  high,  am^ 


information  on  how  zaoch  hoot  is  transferred  to  the  tunnel  walls 
is  essential  to  the  design  of  test  section,  windows  and  support 
systems.  La  the  ease  of  large  supersonic  wind  tunnels,  whore 
the  operating  cost  is  high,  the  question  Is  - how  long  will  it 
take  after  a run  for  the  tunnel  to  cool  down  enough  to  permit 
an  operator  to  enter  and  make  adjustments  or  modifications.  If 


the  time  is  too  long,  tee  increased  initial  cost  of  cooling 
this  portion  of  the  tunnel  will  have  to  be  accepted. 


TO  DATES!  Technical  reports  are  now  being  prepared  on  the  literature  survey, 

plate'^d'ijisttns^itatioa  design,  somting  device  design,  aid  several  theoretical 
studies  on  temperature  distributions  in  the  wind  tunnel  stilling  chamber. 


Tests  are  underway  in  the  supersonic  laboratory  wind  tunnel  to 
determine  recovery  factors  on  a flat  plate.  Several  preliminary  tests  indicated  the 
need  of  minor  modifications  which  are  included  in  the  revised  design.  The  experi- 


Project  Bo.  465-6-19  (Copt) 

santa  smr  going  on  will  investigate  the  following  puntani  (1)  Recovery  factor* 
for  laminar  fijd  turbulent  layers*  (2)  laminar  and  turbulent  velocity  and  temperature 
profiles.  (5)  Boundary  layer  growth.  (4)  Effect  of  surface  roughness  on  1 and  3 
above.  • 

• • * « 


Measurement  of  Proa  Stream  Static  Pressure  at  Supersonic  Speed* 
465-6-23  PRIPSXTTt  2 BST.  CCKFLgTttt  March  1953 
tfaoiassified  HSSPtB3I»*  pe^afyTfff.  B.H.  Mills  OTj  32377 
Dni  varsity  of  Michigan " 

The  purpose  of  this  task  la  to  develop  a device  for  measuring 
accurately,  free-etreatt  static  preasnre  at  etqpereoaic  velocities. 
Veil  designed  end  constructed  wind  tunnels  are  of  no  avail  un- 
less adequate  Instrumentation  is  available  to  measure  satisfac- 
torily the  test  eeatttibns.  In  addition  to  research  and  develop- 
ment on  tunnels,  itis  also  essential  that  advancements  in  in- 
strumentation techniques  be  nade.  tbs  accurate  measurement  of 
free  stream  static  pres  sure  is  a very  desirable  aecompHsheant. 
Tbs  proposed  program  advances  an  idea  for  a means  of  evaluating 
this  parameter. 

TO  DATBt  Tbs  following  referenced  report  has  been  submitted  fcy  the  con- 

tractor Which  completes  the  study  on  this  task.  The  reproducible  copy  has  been 
forwarded  to  the  Document  Service  Center  for  future  demand  distribution  and  can  be 
referenced  as  follows  * 

Bailey,  B.E,  It  Phinnay,  R.E.,  "An  Experimental  Evaluation  of  a 
Wedge  Typo  Free-Streaa  Static-Pressure  Probe",  University  of 
Michigan,  Engineering  Research  Institute  WHK-227,  Final  Report, 
Contract  A733 (038) -20799,  Kay  1952. 


The  statistical  study  made  at  Mach  number  1.90  indicates  that 
the  robable  error  for  a measurement  of  the  static  pressure  is  0.5  percent.  The 
measurements  indicate  no  tip  effect  at  Mach  number  l.vQ  and  2.85.  However,  at 
Kach  mzaber  1*A5  there  is  a definite  tlp^  effect  *hich  makes,  itself  felt  both  di-  • 
rectly  and  through  its  interaction  with  the  effects  due  to  angle  of  attack,  surface 


COMFBWNT1AL 


Project  So,  465-6-23  (Coot) 


Except  for  the  instances  la  which  the  tip 
effect  interacts  with  rae  other  effect,  the  wedge  probe  reectc  to  variations  la 
such  parameters  u eagle  of  attack,  surface  readme  so,  leading  edge  biuatnesa,  roll 
end  yar,  in  the  Banner  predicted  by  theory. 


Since  the  wedge  probe  respond e to  Variations  in  angle  of  attack 
in  a linear  manner,  its  use  as  a device  to  elgultnaecwdy  neasure  static  pressure 
and  flow  inclination  make?  it  a good  instrument  for  the  obliteration  of  supersonic 
wasae^a r'iwgfTfew  TnT^^rT^-thff  wedge  prete?  for  e«<  of  ■tetflo  _ 

preeeore  in  free  flight  poaseeeee  certain  advantages  over  the  ese  of  a needle 
sere  probe. 


e • * • 

Sap  arsenic  Hind  Tmmel  Shewed  Diffuser  investigation 
i 465-6-24  msmxi  2 SL-fiaS SEES*'  August  1952 

aacuBigt  jPfffPTTf  acgjixart  r*h.  an*  gg.«  32377 

COHTRACTCSU  Bone.  Work  beinj  acooeplished  at  WADC 

It  the  purpose  of  this  task  is  to  obtain  data  from  nodal  tests  and 

thus  evaluate  the  actual  perfbnanoe  of  a skewed  diffuser. 

TO  DATBt  This  project  has  been  completed  and  will  be  closed  out  as  soon 

as  the  final  report  is  reviewed  by  Flight  Research  Laboratory. 

1 

* * * * 
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Experimental  Investigation  of  High  Mass  Flew  Wind  Tunnel 
Compressors 

465-6-25  PBIOBUYt  2 B8T.  COMPLmOBt  Dec  amber  1952 
Unclassified  HBSPOKSIBLg  SClBfTISTt  Dr.  Hans  7on  Ohain  BCTt  32377 
Propulsion  Bsae&reh  Corporation 

the  purpose  of  this  task  1b  to  investigate  a method  of  increasing 
the  mass  flow  through  wind  tunnel  compressors.  With  recent  Aero 
Facilities  Expansion,  the  need  for  higher  mass  flow  compressors 
is  essential.  A new  method  of  design  and  evaluation  of  a "High 
Mass  Flow0  axial-flow  compressor  is  proposed,  this  work  is  a 
continuation  of  previous  work  carried  on  at  Northrop  Aircraft  Co. 


lU5 


Project  to.  465-6-25  (Goat) 


TD  DAB  1 installation  ©f  the  teat  compressor  end  insti  umautatioa  h mm  been 

completed.  Shakedown  testing  is  bow  in  progress}  first  dots  taking  runs  should 
- start  stout  15  July*  Since  the  last  reporting  date,  the  following  analytical  sta- 
dias have  bean  undertaken*  (1)  Performance  of  high  aass  flow  compressors  with  blade 
angle  shift.  (2)  Specific  cal  aula  tl  one  to  show  the  6full  rediue  ratio*  teat  eoo- 
pressor  operation  with  variable  stationary  blading  stagger  angles.  (3)  Operation  of 
coapresgor  Into  the  higher  trenecaie  Mach  nuafeer  region  by  removal  of  the  guide 
vanes.  (4)  The  use  of  stationary  inducers  to  give  acre  freedees  of  choice  of  both 
tangential  and  axial  velocity  djartrlbutloo.  ~ 

# ♦ * * 

TUlg*.  Beaearoh  on  Porous  Mall  Trensonio  bind  Tunnel  Configurations 

TAM  BO.  1 4 65-6-26  PHICBXTr*  2 B3T.  OOlglBflCMt  Beveober  1952 

SSBCaiTT*  Confidential  fpgOKBTWLg  SCIBHTI3T*  K.Q.  Johnson  EJTi  32377 

rang  COBTRACTCP.t  Stated  Aircraft  Corporation 

FPSPOSB*  The  purpose  of  this  task  is  to  obtain  data  on  the  performance  sad 

basic  design  para— tare  of  porous  wall  trensonio  wind  tunnel  test 
sections.  The  problem  of  cancelling  or  minimi gj,ng  the  effeot  of 
shock  wave  reflection  from  a Jet  boundary  striking  the  model  wader 
test,  is  a fundamental  problem  which  must  be  solved  before  suc- 
cessful tasting  at  transonic  speeds  can  be  realised.  For  the 
past  two  years.  United  Aircraft  Corporation  has  been  investigating 
the  field  ef  transonic  flow  with  most  of  its  efforts  concentrated 
on*  (a)  the  problem  of  using  porous  surfaces  to  absorb  shook  waves 
and  (b)  use  of  supersonic  test  stream  surrounded  by  a subsonic 
stream  to  reduce  interference  and  choking  effects. 

TO  DATS*  A report  containing  the  results  and  conclusions  derived  from  small 

scale  studies  conducted  at  the  research  department  of  the  Chi  ted  Aircraft  Corporation 
covering  a speed  range  from  a Mach  number  of  ,$  to  1.6  has  been  received  from  the 
contractor* 


Specifically,  the  results  presented  therein  were  obtained  from 
studies  of  a 6"  by  6 l/Ua  porous  wall  transonic  test  section  in  combination  with 
fixed  two  dimensional  solid  nozzles  designed  to  generate  flews  of  1.0,  1.3,  and  1.6 
Mach  number.  The  studies  were  directed  toward  obtaining  information  relative  to 
flow  uniformity,  boundary  layer  removal  techniques,  and  power  requirements . Auxil- 
iary suction  was  utilized  to  control  the  plenun  tank  presaure  eurrosoding  the  test 

section.  The  porous  boundaries  were  jfiade  up  of  perforated  plates  having  a hole 
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tt«  purpose  of  this  Uik  is  to  develop  a heating  syBtm 
«hii  Alim#  Mgh  Kaeh  number  flight  stagnation  temperature  slaUr 
Xattn  la  * hyper aefaio  Kind  tfnnal.  the  problm  of  eimnlating 
flight  auction  temperatures  at  high  Km h ambers  is  very 
imp.  Ter  instance,  at  a teoMwmber  of  15  ata^tlxa  tan 
^ pereturee  of  the  order  of  17,000s?  may  occur,  there 

tao  eaperiaantal  approaches  to  this  problaa  suggested*  Qae,  the 
uae  of  aa  itpnlse  type  of  oo^realeo-heater  ajrrUoj  this  aye- 
t«e  will  permit  tamparatures  of  whe  abowe  order  to  be  obtained 
but  the  practical  run  duration  ia  very  Halted,  around  ana  tenth 
of  a second.  This  system  will  be  considered  ia  a separata  EDO. 

tt  Mg,  The  portion  of  a technical  report  presenting  the  aniOyeis  of  the 

idwiuaed  compression  heater  has  been  coexisted}  the  presentation  of  tto  resulta  of 
various  heat  transfer  calculations  which  indicate  how  the  ideaiised  perf oriMnceo 
thTcoapreasion  is  affected  by  heat  transfer,  is  underway.  Jh« 

tiateaaarliar  conclusions  as  to  the  feasibility  of  constructing  such  a beater.  It 
£^oE?s  ™t^he  “critical  deign  factor-  at  the  moment  is  the  revive 
heat  transfer  rata  between  the  hot  compressed  gases  and  the  walls  of  *^der  in 
shich  they  are  contained.  Further  work  is  planned  to  quant^tively  dafine 
phenomenon  prior  to  going  ahead  1th  the  fabrication  of  a model  heater. 

* * * * 


TITLE » 
TASK  SO.i 
SBCURITI.t 


Rotating  Diffusers  , 

^5-6-23  PRIORITY:  2 RST.  CCKPLSTIONt  Continuing 

fled  mggnwflT^  SCTESTISTi  Dr.  H.  Von  Chain  m*  32377 

Propulsion  Research  Corporation  , , . 

Ths  purpose  of  this  task  is  to  investigate  a device  (the  rotating 
diffuser)  for  decelerating  a supersonic  airstreaa  to  a subsonic 
velocity.  It  is  anticipated  that  such  a device  will  be  an 


(gQKiPOIBllMTflM 


Project  Ho.  465-6-28  (Cent)  V 

Improvement  over  present  diffusion  methods  for  large  supersonic 
V&nd  Tunnels,  Seduction  of  the  pouar  ‘ng ttlrwisnfrs  of  wqwrBanitt 
wind  tunnels  is  a problem  whioh  aamnee  greater  proportions  with 
the  increase  of  test  section  else*  The  <mergy  losses  associated 
with  conventional  types  of  diffusers  are  higjbi  reduction  of  these 
losses  by  even  a snail  margin  is  the  constant  ala  of  wind  tunnel 
designers*  Improvements  in  diffuser  efficiency  would*  In  a par- 
tioular  design*  remit  in  scalier  drive  power  requirements*  re- 
duced physical  siae  of  oowpreaaor  plants*  and  substantial  savings 


Present  design  practises  in  mail  tunnels  are  to  utilise  flexible 
walla  in  diffusers  la  an  attempt  to  control  the  inevitable  "shook0. 
Such  control  alas  at  causing  the  shook  to  oeour  in  a minimum  area 
section  (©ailed  a second  threat)  where  the  Meoh  number  approaches 
unity*  This  aim*  while  desirable*  is  difficult  to  attain  for  a 
test  Haeh  number  above  2.  fide  method  ie  difficult  to  employ  la 
a large  tunnel  because  of  the  mechanical  problems  encountered 
in  the  manufacture  of  large*  accurate*  flexible  plates. 

TO  DAS t Contrast  has  been  negotiated.  Vo  technical  progress  to  report. 

♦ a * * 


TITLSl 
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Besearoh  on  Structures  lest  Facilities 
465-6-29  PRXOami  2 MT*  Q0«WX0Mt  tend}  1953 
Unclassified  BgSPOHSIBLg  flQIBTIflTi  8.0.  Johnson  STT*  >2377 
Polytechnic  Institute  of  Brooklyn 

The  purpose  of  this  task  is  to  investigate  facilities  suitable 
for  the  testing  of  structural  elements  under  conditions  simu- 
lating the  effects  of  aarodyhamlo  heating.  In  the  past  decade 
considerable  advancement  has  bean  made  in  the  fields  of  aero- 
dynamics and  propulsion.  The  advances  made  during  the  ease 
period  in  structural  design  end  analysis  are,  in  comparison, 
insignificant.  Without  adequate  airframes,  it  will  be  impos- 
sible to  utilise  presently  developed  power  plants.  Ibis  critical 
structural  state  has  been  partly  due  to  the  lack  of  test  fa- 
cilities which  can  properly  simulate  free  flight  conditions  and 
applicable  structural  theory. 


r 


Project  So.  465-6-29  (Coat) 


One  of  the  currant  major  a true  torsi  problems  is  the  tbex^l 
effect*  in  elreraft  structures.  This  condition  i*  encountered 
At  supersenio  velocities  doe  to  aerodynamic  heating.  The  pro- 
gram, H0»e  of  H1#j  Frequency  Induction  Beating  Iquipawt",  i*  . 
proposed  t*  investigate  a precising  approach  to  one  of  the 
problems  of  facilities  for  simulating  the  effect  of  aerodynamic 
heating  on  aircraft  structures. 


Contract  has  been  negotiated,  th  techniail  pr< 


TO  DATBt 


■■  ...  ' . ' 

Research  on  a Facility  ter  Simulating  Atmospheric  Oust* 

465-6-30  FBlSBITIt  2 E3T.  Q«PLggOBt  August  1953 
Unclassified  "nrBTfT??t  B.O.  Johnson  Bttt  32377 

got  Available 

The  purpose  of  this  <taak  is  to  develop  a test  facility  free,  which 
experimental  data  on  gnat  loads  as  a function  of  plaafona  aspect 
ratio  and  gust  shape,  can  be  obtatned,  which  could  be  utilised 
a*  design  criteria  for  future  high  speed  aircraft. 

The  present  trend  in  high  speed  aircraft  designs  have  led  to  the 
production  of  aircraft  with  very  thin  wings  and  high  landings  and 
takeoff  speed.  This  trend  has  amplified  the  critical  need  for  sore 
data  on  the  gust  loed  as  a function  of  plaafona,  aspect  ratio,  and 
gust  shape.  Theoretical  studies  have  been  made  on  gust  effects 
but  experimental  data  for  their  support  are  very  limited.  If  a • 
method  ie  fowd  for  the  production  of  gusts  of  a predictable 
intensity  at  low  speeds,  it  is  quite  possible  that  this  method 
could  be  used  at  higher  velocities.  The  data  obtained  could  then 
cover  landing,  takeoff  and  higher  speed  conditions. 

The  contract  is  being  negotiated. 

• e « * 


TITLBi 
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Q&a  Turbine  Drives  for  Wind  Tunnels 
31  PRIOSITH  2 BST.  COS 


Unclassified 


HOB  i Continuing 

Dr,  H«  VonOh&in  ggTi  32377 
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Prejoot  So.  465-6-31  (Cent) 


PRing  flamam.  Kent,  Work  balag  aooa*U*bod  at  MfflO. 

PCHPCSHt  Hu  parpeM  of  this  took  iai  (1)  TO  dotemliM  tiu  feasibility 

off  tad  problsas  associated  with,  building  a gu  turbins  drive 
ajrstwa  la  the  750,000  - 1,OGO,OOQ  horsepower  range  for  om  oa 
largo  supersonic  wind  tunnels j (2)  Prepare  a design  «tady  oa 
a gas  turbine  drive  for  ; taring  a wind  tmmol  with  test  section 
am  of  300  - WO  square  feet,  , — - - ~ ~r~  - 

1 g-MPU  A brisf  stoiy  h*»  bM  «do  of  tbs  a so  of  a number  of  standard 

aircraft  de-ioing  axial  flow  Manors  for  atudjri&g  tho  possible  Instability  of  a 
mutter  of  conpresoora  discharging  into  a coancc  duct,  Chita  carrontly  in  ana  on 
the  B-47*  F-20,  sad  0-119  appear  satisfactory  for  as#  in  sash  an  ecq^erineet,  A r- 
raagettats  will  bo  nads  to  acquire  approximately  10  anita  to  aot  ap  a nodal  test 
rig  for  the  investigation  of  stability  sad  control  problew, 

* • • • 
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PROPULSION  RESEARCH  BRANCH 

I • . ' • 


PrcpaUien  Research  Brmch  plans.  monitors,  end  perform  applied 
research  in  arcs*  of  seim tee  which  relate  to  the  propul  tic*  of  aircraft, . 
Further % it  condbc to  <q*plisd  research  to  the  emteni  of  ut«iiln|  the  prac- 
ticability of  neuorunusod  scientific  principles  t md  indicating  the  methods 
•hereby  each  principles  may  be  need  in  the  development  of  improved  equip- 
ment. t An  Energy  Release  Processes  Research  Section  is  responsible  for  re- 
search in  energy  release  processes , each  as  the  release  of  energy  from  those- 
ictti  cr.d  nuclear  fuels  in  a form  suitable  for  utilisation  in  propulsion  de- 
vices, . The  Mass  tstd  Energy  Dynamics  Research  Section  performs  work  each  os 
research  in  fluid  dynmios  end  aero* elasticity  of  propulsion  equipment  to- 
gether with  mil  research  in  muse  md  energy  trmsfer  processes.  An  Energy 
Systems  /biolysis  Research  Sectionis  responsible  for  energy  systems  mm  lysis 
research  such  us  the  theoretical  m d esperiemtel  otalyeia  of  aircraft  pro- 
pulsive systems,  investigations  of  the  dynmic*  of  such  systems,  mid  com- 
parative performance  evaluations  of  these  eyttasm. 


tSIS'u'gOg'tfl?® 


RESTRICTED 


FLIGHT  SIMULATOR  FOR  TRANSIENT  ARKB^AHK  KIATURJ 


Up on  request  of  a leading 

aircraft  manufacturer,  the  Propulsion  Research  Brandt  of  the  Flight  Research 
Laboratory  recently  established  a project  (8-467-2-16)  for  the  investigation 
of  fuel  losses  due  to  aerodynamic  heating  from  Integral  wing  tanka  of  a long- 
range,  high-speed  aircraft  * After  an  analysis  of  the  problem,  it  was  deemed 
feasible  to  attack  the  transient  beat  transfer  problem  related  to  fuel  evapo- 
ration by  aerodynamic  heating  to  a greater  degree  of  accuracy  by  experimentation 
rather  than  by  analytical  means.  The  proposed  method  dalle  for  a relatively  - ^ 
-pjgpin^l&bor^tQry  >*»n*h  rie  consisting  of  three  major  dooponantat  a heat  source 
(as  substitute  for  the  hot  boundary  layer)/  a test  surface  (as  swLotituts  for  - 
the  akin  of.  the  airplane)  and  a heat  sink  (as  substitute  for  internal  heat  con- 
sumption of  the  airplane).  Such  an  experimental  attack  appears  premising  since 


"Flight  Simulator  for  Transient  Aerodynamic  Heating"  (Coat) 

A # 


it  is  found  possible  to  simulate  the  transient  external  sad  internal  heat  trans- 
fer conditions  in  the  laboratory  by  relatively  sisple  naans. 


At  the  present  tine,  a simulator  of  kind  show  is  under  construction  for 
use  in  solving  fuel  loss  problems  in  connect icr  with  KX-1626.  It  ieespected 
that  this  simulator  will  materially  decrease  the  oost  end  time  required  to  ac- 
complish this  development,  supplanting  elaborate  flight- test  end  vind— tunnel 
experimentation  that  would  otherwise  be  neoessaxy.  It  is  hardly  possihl e to 


b=w8rwiff^j^  14 ae  geosa  AisK 

the  introduction  of  this  simulator.  However,  some  concept  of  the  possible  im- 
pact of  this  device  nay  be  gained  from  consideration  of  the  foot  that  the  HAOA 
projects  e new  14,000,000-  wind-tunnel  facility  for  investigation  of  the  effect 
of  aerodynamic  heating  on  structural  strength)  this  simulator,  if  successful, 
would  obviate  the  necessity  for  tunnel  test  of  complete  structures  and  reduce 


the  problem  to  one  of  high- temperature  materials  testing. 


of  OiMOtts  full 

467-1-4  ^ mCaiTIt  2 CT,  ecreLSTSCBt  15  October  1953 

— ■*■• 27153 

The  panto—  of  thi*  task  is  to  oaks  * &owprtlu«olvo  otudy  of  the 
mi  pitasiool  phoogneaa  eoaoclatod  with  the  eoKbuetiott 
of  liquid  and  goose—  ffcole  with  the  objective  of  building  * fin 
Imii  of  soifltttifio  k&ovlsdjt  "pm  ailoh  tht  dwlpi  of 

•OUi— Ut  tho  Of  mmMHi  san  Im  Wbm4 


Xn  Phase  1,  "Reactions  ‘Doping  tho  C—taatUn  of  o 008%  tho  ox> 

bbMumI  jnlM 


the  boss  opeetrc*eter  has  boos  halted  temporarily  to  pondt  tho  qm  of  tho  laotnt- 
aottt  Fhaso  5*  Ittvostigatioo*  of  tho  us*  of  tho  ohndool  —goat  WH  far  tho 
otudy  of  ihtonwdiKtoo  Is  — bustlon  res&tlo—  ars  imtoldd|i  “ 


Krjor  progress  hot  bon  nods,  Is  Phase  2,  "Bandas  OMttueteristies 
of  Foal  Kioto*,  in  tho  aperlnontal  dotondaat In  of  drop-*±se  distribution  for  li- 
quid fuel  xiote,  using  tho  sin-stags  oascads  inpastor. 

As  part  of  Phase  5,  "Bffoet  of  loosed  Physical  Thfln—  n tho 
Qggbaotloa  Proems",  * g*W  mrn*p%  Qf  tha  aanheMes  hr  which  atarHipherio  oxygen  tf- 
ieets  Bunsen  flaaoe  has  bon  presntod  and  sxpsrinsntal  data  verifying  tho  concept 
hare  ban  Obtained,  XsrosUgatine  under  Fhaas  5 hare  also  lad  to  a now  concept  of 
flan  stabilityfor  loainar  Bceen  flaaas  and  experimental  data  obtained  aro  in 
agreenant,  The  mass  epee troBstsr,  trenaferred  fm  Fhaoe  1,  is  finding  a useful  ap- 
plication In  the  study  of  stability. 

In  Phase  6,  "The  Casbinstlan  of  Kind  Fuels",  a new  apparatus  has 
ben  built  for  stadylag  the  stability  of  flaass  of  predxsd  air  end  fuel  in  both 
laajndr  and  turbulent  flow. 


A comprehensive  review  of  research  on  spark  ignition  in  gases  was 
recently  released  under  Phase  7,  "Ignition  Processes*.  The  best  known  of  the  sArly 
work  and  all  recent-work  on  spark  ignition  are  described  and  evaluated  in  this  re- 
port to  provide  a ready  reference  as  to  the  contents  and  relative  merits  of  the  often 
quoted  references  on  this  subject. 

Work  is  now  underway  on  Phase  6,  "Similarities  in  Combustion", 
after  a somewhat  slow  beginning.  As  a first  step  in  the  correlation  and  application 
of  data  from  combustion  experiments,  Hirachf elder’s  equations  for  the  transport 
properties  of  gases  are  being  examined  in  the  light  of  the  theory  of  corresponding 
states, 

e e o o 
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467-1-9  msmi  2 w-  oamxnmt  wmy  1753 

Unclassified  H8SPCB3IBLS  30I»tX8Tt  U 4.  Dan  27153 

University  af  Michigan 

the  purpose  of  this  task  is  to  l8Tcctlfc* *tc  the  fluid  j— oh— loc 
sad  physical  chaSdatry  of  detonation. 


10  ami  A report  oovsrlng  all  r— oarch  lurk  serried  out  tarter  the  contract 

to  date  bee  been  completed  sad  sill  1m  released  la  tbs  near  ft* fcure*  Hark  tojiato 
includes  the  development  of  the  necessary  equip— nt  fear  the  timing  sad  photographing 

— asur— adt  of  o>. 


tins  proeeeei  sere  asde  which  ocuneot  the  theraodjnaaio  properties  of  a detonation 
explicitly  to  the  dynamic  properties.  Free  these  theoretical  analyses,  a nor— tu- 
ning p— star  whloh  could  be  seed  te  correlate  expert— ntnl  detonation  velocities 
sae  obtained*  The  eolution  of  the  one-Haa caloaal  unsteady  flow  problem  associated 
with  shook  tubes  ead  as  applied  te  detonatise  combustion  me  oarried  out.  All  eab- 
pari— ntal  detonation  velocities  obtained  sere  correlated  by  —me  of  two  dl— n- 

irm*rr  of  the 


Am±*enB+A  r*n . 


- • i pap^-p  *A  Stater  of  Dstonative  Phono— na  la  Qaseous 

Mixtures  by  the  Use  of  Stook  Tube  Techniques  0 was  presented  by  University  of  Michigan 
personnel  daring  June  1952  at  the  meeting  of  the  tear ioan  Society  of  Meehanioal  a*-  1 

glneers  in  Oincimatl.  This  paper  contained  essentially,  a su— ary  of  the  infcmaatlon 
given  In  the  above-mentioned  report. 


The  research  work  is  now  being  extended  to  other  phases  of  inves- 
tigation of  detonation  in  non-flowing  gas  mixtures.  Experimental  studies,  including 
photographs,  are  being  made  of  a moving  detonation  save  In  duets  of  non-uniform  cross 
section,  in  order  to  supplement  and/or  test  existing  theories  oj*  propagation,  par- 
ticularly with  reference  to  change  of  cross-section,  obstructions  and  possible  boun- 
dary layer  effects. 


* * e * 


title  t 
TASK  NO.} . 
3BCURJTY1 
PRIME  CO&TRACTORt 
PURPOSE t 


Kinetics  of  Hydrocarbon  Oxidation  and  Collisions  in  Oases 
476-1-6  PRIORITT : 2 23 T.  C«PI£TIOH:  Ootober  1952 

Unclassified  HBgCSSISLS  SCIBHTISTt  Capt  J.  Eierlsin  EXT,  t 27153 
Bureau  of  Mines 

The  purpose  of  this  task  is  to  investigate  the  mechanism  of  the 
initial,  attack  of  hydrocarbons  by  oxygen  and  the  application  of 
modern  kinetic  theory  of  gases  to  the  prediction  of  the  number 
of  binary  and  ternary  collisions  per  unit  of  time  under  speci- 
fied conditions  of  temperature  and  pressure. 
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Project  No.  467-1-6  (Cent) 


TO  DATSt  Work  tas  centered  about . the  oxidation  of  carbon  monoxide,  formal- 

dehyde, and  aftataldahyda  - all  of  which  are  believed  to  be  important  intermediates 
in  the  oombMtico  of  hydrocarbon  fuels*  The  Bureau  of  Mines  has  succeeded  In  adding 
considerable  quantitative  detail  to  existing  knowledge  of  the  kinetic  of  these  sub- 
stances, and  techniques  hays  boon  developed  which  have  made  it  possible  to  Identify 
the  various  peroay  ccwptmgds  which  arc  formed  in  the  ccmbustioft  process.  However, 
it  does  not  appear  that  much  praotical  use  can  be  mads  of  this  information  until  it 
is  integrated  with  the  various  hydrodynamic  and  molecular  processes  which  also  govern 
the  overall  c cabas tloc  process.  As  « *t*n  in  thi*  dirostiki,  anotner  phase  of  this 


otriTivitng  ox  cg.tjj.g3Jon  prowesses  o»- 
tween  molecules,  especially  with  respect  to  .energy  exchange  owl  the  formation  of  ac- 
tivated complexes.  A theoretical  study  has  been  in  progress  which  has  led  to  the 
formulation  of  a modified  kinetic  theory  of  gases,  in  which  account  is  taken  of  the 
effect  of  intarmoleeular  forces;  previous  treatments  of  real-gas  kinetics  have  not 
emphasised  the  effect  of  chemical  reaction.  This  study,  although  by  no  meaner  oom- 
. piste,  has  reached  a stags  of  develqpmsnt  warranting  the  publication  of  an  interim 
report  of  findings;  tills  report  is  now  in  preparation. 


An  additional  sub-task  has  recently  been  incorporated  Into  this 
project  to  exploit  an  effect  discovered  independently  by  the  contractor  - the  arrest 
of  flame  propagation  by  high  shear  rates  in  gases.  It  is  believed  that  this  pheno- 
menon (which  can  be  interpreted  solely  on  the  grounds  of  hydrodynamics  and  heat  trans- 
fer) may  explain  many  of  the  observed  characteristics  of  turbulent  flames,  especially 
those  stabilised  flams  holders.  Progress  to  date  has  consisted  of  the  desl^i  awl 
construction  of  suitable  apparatus  for  testing  the  provisional  theory.  It  is  ex- 
pected that  the  results  of  the  experiments  tc  be  performed  may  have  Imnedlate  and 
fruitful  application  to  the  design  of  operational  equipment. 


# # ♦ * 


Trust 
TASK  BO. i 
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Kinetics  of  Rocket  Exhaust  Oases 
467-1-7  PRIORITY  t 2 B3T.  CQMPLSTIOSt  June  1953 
Unclassified  HBSPQgSIBLB  9QjaiTIST7  Capt  J.  Biorlein  EXT*  27153 
Aerojet  Big  In  earing  Corporation 

The  propose  of  this  task  is  to  improve  present  methods  of  pre- 
dicting performance  (thrust,  'combustion  efficiency,  etc.)  by 
the  spectrographio  measurement  of  the  temperature  and  composi- 
tion of  rocket  exhause  gases. 


TO  DATE*  This  project  was  established  to  develop  the  techniques  of  em- 

ission spectroscopy  for  the  measurement  of  local  values  of  composition 'and  tempera- 
ture in  rocket  exhaust  gases.  Contingent  on  the  success  of  the  technique,  it  was 


Project  Bo.  467-1-7  (Coat) 


hoped  that  the  method  night  be  adapted  to  the  observation  of  combustion  and  ex- 
pansion processes  la  transparent  rookat  engines.  TMn  voald  fimmAynm  the 
station  by  station  comparison  of  the  reel  and  ideal  behavior  of  the  working  fluid 
• and  Afford  valuable  does  for  Improving  the  Assign  of  the  engine. 

The  contractor  has  now  completed  a oosyear  prcgraa  of  axperl- 
mantaUon  in  ifcieh  a large  ttnabsr  of  spectrograms  has  been  node  in  both  the  visible  > 
and  the  infra-red  ranges  of  vav»  length.  Tbe  r»»Ultc  are  ei—ii  teeil  in  w«v>  -foefcui- 
eal  Beport  52-108.  the  results  have  been  primarily  negative;  it  appear  that  nost 
of  the  important  oheoioal  species  In  exhaust  gases  do  net  «edt  with  euffieient  in- 
tansltyto  hake  this  a practical  method  of  gas  analysis.  There  is  a possibility 
thrt  temperature  measurements  can  be  bade  by  using  either  a strong  ii»»  or  bmd 
naturally  present  in  the  gas  or  by  introducing  a mbaU  quantity  of  a strong  emitter, 
taew,  it  is  qusstionebls  whither  any  nethod  that  mlgrt  be  developed  would  possess 
sign! fl cent  advantages  over  those  already  available. 

Xt  is  clear  that  th*  application  of  apsotroseopio  observation  to 
rookat  gases  is  not  00  straightforward  and  immediately  useful  as  had  been  hoped.  The 
use  of  absorption,  rather  than  iwrisslon,  nethods  adght  lead  to  wore  encouraging  re- 
sults^ although  it  le  by  no  ase&s  certain  that  successful  results  will  be  obtained. 

Thermodynamic  Properties  of  Oonbwstlon  Produete  of  Esrosena- 
Air  Mixtures 

21SLH*1  467-1-9  Wmmt  2 SST,  COEPimOEt  September  1952 

mmmt  < Unclassified  BBPOlfgISLg  SOXTOWi  Cept  J,  Bierlein  S£|  27153 

PBSg  C08T&ACTPBI  Bureau  of  Mines 

HBgflBSi  The  purpose  of  this  task  le  the  preparation  of  tables  and  charts 

of  the  thermodynamic  properties  sad  equilibrium  eonposition  of 
the  eonbuetlon  products  of  feerosene-air  statures  over  an  extend sd 
range  of  temperature  and  pressure. 

TO  DATgi  This  le  a computing  project  established  vith  the  Bureau  of  Mines 

for  the  purpose  of  producing  a standard  self -consistent  tabulation  of  thermodynamic 
data  for  use  In  performance  estimates  os  dr  breathing  engines.  Using  a staple  hy- 
drocarbon (decane)  to  typify  present-day  Jet  fuels,  the  properties  of  the  combustion 
products  (temperature,  enthalpy,  entropy)  have  been  computed  for  *»  range  of  pressures, 
initial  air  teaperatures,  and  mixture  strength q which  is  adequate  bo  cover  engine 
operating  conditions.  The  tabular  data  are  p ow  complete  and  are  being  reduced  to 
convenient  graphical  fora  at  WADG  under  SCO  467-4 -2.  The  presait  project  will  be 
dosed  out. 


9 * « e 
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Sward*  on  Main  Shah bar  Volra*  for  Ooabuatiea  of  Oases 

TASK  BO.*  467-1-10  PRIORI  Tit  2 B3T.  CCMFLBTigti  September  1952 

ggrcarm  Restricted  HB3FCBSIBLB  flOIBlfglgTt  Lt.  R.H.  Morray  ffl»  27153 

PBlaB  OCKTBACTCBt  Boeotian  Motors,  Incorporated 

raaosst  The  purpose  of  this  teak  it  to  obtain  and  analyse  fund— ratal 

. dot?  on  tha  minim—  chat toar  volt—  required  for  the  ncwhairtlon  of 

eth— a,  ethanol,  ethyl— ine,  nitre ethane  and  acetaldehyde. 

TO  DATE*  Thla  study  la  dlrootod  toward  a correlation  bat—  minima  nh—  ■ 

bar  volt—  for  optic—  parforaanco  and  d—teriatie  oxidation  rataa  of  a aeries  of 
rolatad  coapoonde. 

Tha  la— atlgationa  to  be  —da  in  acc<— dishing  tha  object  are  di- 
vided into  throe  (3)  phaaaat  (1)  Tha  expert— ntal  determination  of  tha  relative  ad* 
dation  rataa  of  a aarlaa  of  organic  compounds  differing  in  only  one  (1)  fractional 
grasp.  (2)  The  experimental  determination  of  tha  minim—  c— boatlcn  oh— bar  volume 
compatible  with  optlm—  perform nee,  aptoytog  characteristic  velocity  aa  the  par- 
formnoe  paraneter.  (3)  Tha  correlation  of  data  obtained  in  phaaea  one  and  two  to 
obtain  a workable  relationship. 

The  aarlaa  aelaoted  for  evaluation  inoladea,  ethana},  ethyl  aarlha, 
nitroeth&na  and  acetaldehyde. 

r 

1 preliminary  attempt  to  oerralata  tha  data  obtained  radar  this 
contract  hsa  yielded  acme  relationships  which  if  substantiated  and  aipaaded  will  be 
of  iaportanee. 


A correlation  la  indicated  between  the  alow  oxidation  date,  flame 
speed  data,  and  bo  tor  test  data  obtained  during  this  investigation.  lh&  reciprocal 
of  the  elope  of  t^e  alow  oxidation  curve,  (JfcGu)/  (log  tine),  la  exponentially 
related  to  the  chamber  length  for  optimum  combustion  efficiency  divided  by  the  flow 
rate  cubed.  The  reciprocal  of  tha  slope  la  also  directly  related  to  the  apparent 
flame  speed  and  exponentially  related  to  the  free  energy  of  formation  of  the  fuel. 

Thera  la  a statistical  limit  imposed  upon  these  results  due  to  the 
fact  that  ^the  information  was  obtained  for  only  four  fuels,  acetaldehyde,  ethanol, 
ethane  and  ethylamine.  It  is  hoped  that  future  work  will  remove  this  insufficiency. 

^ * * * # 


SECURITY* 

PRIMS  CONTRACTOR: 


Kinetics  of  Carbon  Disulfide  Oxidation 
467-l-U  PRIORITY » 2 BST.  OQglgTIttn  March  1953 
Unclassified  RESPONSIBLE  SCIBiTISTtll  R.  Murray  EXT.*  27153 
Franklin  Institute  of  the  State  of  Pennsylvania 


Project  So.  467-1-11  (Cent) 


PUHPOBBi  The  purpose  of  this  task  is  to  provide  basic  Intonation  on  the 

kinetics  of  exldatlae  of  carbon  distil  fide  sad  to  elarify  the  do- 
tails  of  carbon  oadLAatlcc  as  an  aid  la  understjaading  the  general 
problem  of  combustion  of  oarbenaeecne  foals. 


TO  DAISi  to  the  course  of  its  studies,  the  Franklin  Institute  has  investi- 

gate! the  ignition  boundaries  of  the  032^2  eyetam.  So  difficulties  wsre**w*^»*d 
is  Obtaining  toe  low  pressure  boundary  and  valusaf  or  toe  Mffl  pressure  {an;  limit 
has*  also  been  determined.  tbs  reproducibility  has  been  found  sufficient  to  obtain 
saooth  curves  tor  toe  variation  of  induetdon  tins  with  pressure  as  well  as  temperature. 

in  efficient  aye  ten  bee  been  developed  tor  aeer-etely  d eternising 
induction  tines  by  utilising  a completely  aatcnatic  electronic  apparatus. 

the  data  exhibits  toe  lower  and  upper  boundaries  characteristic 
of  a branched  chain  reaction,  flttall  deviations  are  attributed  to  ehenges  in  the 
eiae  of  the  flask  caused  by  the  purging  of  the  reaction  vessel.  It  is  hoped  that 
these  variations  car  be  elinlnated  by  tbs  use  of  quarts  vessels. 

^ The  accuracy  of  toe  data  ae  already  presented  will  permit  toe  sig- 

nificant testing  of  mechanistic  deductions  when  sufficient  data,  both  Ignition  and 
spectroscopic , have  been  actnnmlated. 

It  should  be  possible  to  obtain  an  activation  energy  from  suf- 
ficiently accurate  data  shoving  induction  time  variation  with  temperature. 

While  exact  solution  has  not  been  attempted  at  this  time,  an  ap- 
proximate solution  was  attempted  yielding  interesting  information,  to  activation 
energy  of  20  Esal/aol  was  obtained.  In  the  case  of  the  consecutive  reactions  which 
probably  occur  during  chain  Initiation  and  branching,  this  low  activation  energy 
represents  toe  overall  difference  between  the  potential  energy  level  of  the  reac- 
tants and  that  of  toe  activated  complex  of  highest  energy/  Thus  it  is  at  least 
possible  to  say,  at  present,  that  during  the  induction  pei'iod  there  is  no-  activated 
complex  formed  at  a potential  energy  level  higher  than  20  Kell  above  the  reactants, 
and  that  probably  no  one  reaction  of  toe  consecutive  perils  of  reactions  possesses 
an  energy  of  activation  very  much  greater  than  20  PCcal, 

Scans  speculation  has  been  made  as  to  the  source  of  chain  initiation. 
The  CS2  molecule  1b  thermally  stable  and  at  80°C  its  dissociation  into  CS  and  S is 


Projeot  No,  46?-l-ll  (Coot) 


alight.  According  to  the  literature,  the  stability  of  the  08  radical  to  oxidation 
by  02  i»  sufficient  to  sake  inprobable  it  a role  as  an  initiating  active  center. 
Also,  it  is  dubious  whether  3 atone  at  lass  than  8O0C  and  in  small  concentrations 
would  provide  sufficient  reactivity  to  initiate  the  usual  course  of  events. 

Ranee  a reaction  of  low  activation  energy  wad  postulated  re- 
sulting in  an  active  unstable  product  such  as  a cyclic  peroxide 

■_  ❖ ® 

o«o  0 - 0 - ■ 

which  would  dec ce^ose  into  a variety  of  products  including  008  and  80  , the  latter 
acting  to  provide  0 atone  by  the  reaction  SO  + Ojg  SOj  t 0 

Ho  further  speculation  regarding  the  chain  breaching  reaction 
itself  has  been  Bade  up  to  this  tine. 


The  spectroscopic  phase  of  this  projeot  has  been  retarded  by 
several  important  factors*  which  have  been  effectively  dealt  with  now  and  should 
permit  reasonable  experimental  progress, 

* * * * 


TITLE  1 

M. S&-* 

aacuarm 

PRIME  Ck  TRACTOR* 
PURPOSE t 


Investigation  of  Combustion  Phenomena  at  High  Preaeures 
467-1-16  PRIORITIt  2 E3T.  COHPLETIOMi  10  February  1953 
ttaolaaelfled  HESPOMSIHLS  XIBrHSTt  Lt  R.H.  Murray  IgXTt  27153 
Ohio  State  University  Research  Foundation 
The  purpose  of  tills  task  is  to  investigate  the  mechanism  and 
reaction  kinetics  of  combustion  processes  at  high  pressures  in 
order  to  place  the  design  of  combustors  And  the  selection  of 
propellants  for  aircraft  use  upon  s more  rational  basis  than 
exists  at  present. 


TO  DATS:  This  contract  with  the  Ohio  State  University  Research  Foundation 

was  enteral  into  on  15  April  1952,  During  the  brief  period  it  has  been  in  force. 


159 


Project  So,  4*7-1-16 


the  following  work  has  been  parforasdt  Construction  of  the  combustion  chamber,  d»- 
▼elopaent  of  ths  high  pres  sure  system  and  design  of  the  burner  ‘tips  to  provide  for 
maintaining  a seas  tent  tip  temperature. 


It  i«  hoped  that 
by  the  work  in  the  future* 


significant  contributions  will  be  provided 


tt  #t 


TASK  HQ. i 


Flame  Properties  in  Homogeneous  Gas  Mixtures 
467-1-17  PHIOHITTt  2 B3T.  COIgLBgC|h  January  1953 
Onolasaifisd  figSPCBSIHLS  3CIB8TI8Tt  Capt  J.  BUnOeia  HTi  27153 
j^oa,  Mbrk  being  aeoosBlishad  at  WOO* 

The  purpose  of  this  task  is  to  develop  an  Ifemllaed  theoretical 
treatment  to  dssoribe  the  Initiation  and  developmsnt  of  deflag- 
ration waves  and  to  test  the  validity  of  the  theory  by  appropriate 


TO  DATE i Progress  on  this  project  is  reviewed  under  three  (3)  phases  t 

(1)  Ignition  of  flowing  gas  mixtures.  An  apparatus  has  been  deajgiad  for  passing 
a laminar  stream  of  combustible  gas  over  a heated  surface  at  a known  rate.  For  a 
series  of  surface  temperatures!  the  lMudana  flow  rate  at  which  ignition  Just  oc- 
curs will  be  determined.  An  attempt  will  be  made  to  characterise  the  Ignition 
threshold  by  means  of  the  temperature  profile  (normal  to  the  surface)  which  exists 
Just  at  the  lptltioa  point.  It  Is  hoped  that  it  may  be  possible  to  identify  the 
threshold  profile  with  the  concepts  of  minimal  Iffdtlon  energy  and  quenching  dis- 
tance* as  determined  in  quiescent  systems^  If  this  can  be  done*  a criterion  will 
be  available  for  the  design  of  igaition  equipment  in  engines.  (2)  Mathematical  in- 
vestigation of  the  microstructure  and  propagation  velocity  of  plane  deflagration 
waves.  A rigorous  mathematical  formulation  of  the  problem  has  been  accompli  shed. 

The  result  is  n - 1 simultaneous  equations,  where  n is  the  number  of  chemical 
species  present  in  the  wave.  Of  the  total  number  of  equations*  n - 1-r  are  non 
linear  ordinary  differential  equation*  (r  being  the  number  of  different  kinds  of 
atoms  in  the  system);  the  remaining  r equations  are  algebraic.  A msterioal  solution 
will  be  attempted  for  a kinetlcally  simple  system  (hydrogen-bromine).  Necessary 
tables  of  thermodynamic  and  kinetic  data  are  being  assembled  for  this  purpose.  If 
successful*  the  solution  of  this  problem  will  be  an  important  step  in  bridging  the 
gap  between  the  classical  theory  of  reaction  rates  and  the  prediction  of  the  be- 
havior of  flames.  (3)  Experimental  determination  of  the  thermal  microstpuoture 


U.WIH 


Project  *>.  447-1-1*  (Coot) 

- ’ • ’ ' ii  ‘ f -r,-  ; * ■ . 

A supersonic  How  ratal*,  * "cold  model"  has  bon  fabricated  for 
tuw  in  praUwUwry  testa  with  sir  elate  (no  combustion)  et  e Sceh  number  of  sppraxl- 
mateJy  3,  with  provisions  being  side  for  visual  observation  of  the  shock  were  under 
various  oooditicma.  , the  adr  compressor  and  compressed  air  tanks  here  beat  installed 
outside  the  teat  room.  The  swat  for  the  noeele,  and  other  necessary  auxlllldfy  equip- 
ment are  being  fabricated  and  assembled. 

* ■ « v 

Preliminary  design  of  a subsonic flow  channel,  to  be  need  for  in- 
vestigation of  boundary  layer  and  other  low  velocity  effects  cm  detonation  waves  in 
gaseous  mixtures,  has  been  oompleted.  A work  order  has  been  initiated  ror  fusal  d«- 
sign  work  and  stop  work,  and  the  final  design  work  is  praeant^y  underway. 

• • * » 

TTB&t  Investigation' of  Surface  Combustion  in  Burners 

TA^gQ.t  467-1-19  PglQgTTTi  2 BBT. . OttgMnOli  *roh  1953 

§3BSESL*  9holaeaified  HB3P0B3IBLB  aOXaWlflTt  E.  BcheTLer  BCT.i  27153 

PBXKE  OOSTBACTQBi  Rose.  Work  being  acccepllsheA  at  WAOC. 

PUBPOBBt  The  purpose  of  this  task  is  to  investigate  surface  combustion  In 

burners  and  to  ascertain  its  effect  on  the  eoohuatioa  process.  — ; , 

nATg|  ' ""  It  is  prwnnsd  that  surface  oonbuctlon  occurs  an  the  wells  «f 
burners  which  do  not  have  flans  holders.  Sr  Itered  testa  have  disclosed  that  oersade 
lined  coabustion  chambers  maintain  their  combustion  efficiency  over  a wider  range  of 
air-fuel  ratios  and  retain  their  flames  at  higher  mess  flow  races  than  conventional 
burners  with  flams  holders.  Bata  available  on  this  la  not  conclusive  and  it  la  hoped 
that  additional  study  will  clarify  the  ef foots  of  heated  surfaces  on  combustion  ef- 
ficiency and  combustor  capacity.  ^ 

The  principal  efforts  of  the  project  to  date  have  been  concentrated 
on  the  problem  of  obtaining  the  necessaxy  laboratory  facilities  for  this  task.  De- 
signs have  been  completed  and  final  layout  drawings  have  been  prepared  for  a burner 
test  room  and  an  air  facility  capable  of  providing  a maximum  flew  of  1 lb,  of  air  per 
second  at  a pressure  of  100  psla.  Plans  for  an  annex  to  Building  190T  to  house  these 
test  facilities  have  been  presented  to  and  approved  by  the  Planning  Board  of  Air 
Installations  Division.  Funds  for  the  construction  were  allocated  in  the  FI  1953 
Budget.  Further  progress  in  securing  the  facilities  have  been  halted  temporarily  by 
the  decision  to  establish  laboratories  for  the  Propulsion  Group  in  Building  173T. 

This  project  is  now  in  a state  of  suspension  due  to  the  transfer 
of  the  responsible  scientist  to  other  tasks. 


RESTRICTED 


Fundamentals  of  Turbulent  Combustion 
467-1-20  PRIORITY!  2 EST.  CCMFLSTICNt  June  1953 
Unclassified  waPCWflmji  SCIOTT3T!  D.Q.  Samaras  K£T:  27153 
Sons,  Work  being  accomplished  at  WADC 

The  purpose  of  this  task  is  to  provide  a better  understanding  of 
the  dynamics  of  combustion. 

TO  DAYS i Several  ideas  developed  in  the  past  from  experimental  information 

and  theoretical  developments  were  consolidated  into  a new  theory  of  turbulent  cembua- 
tion.  Thin  new  theory  is  store  or  lees  an  extension  -of  modern  isothermal  turbulent 
theories.  An  analysis  of  the  generalised  momentum,  energy  and  continuity  equations 
wag  madot  thq  turbulsat  diffusion  nftafMManta  ( tansor  components)  of  tile  different 
species  of  combustion  have  been  defined  and  correlated.  An  experimental  rig  is  in  the 
process  of  construction  in  order  to  evaluate  the  above  diffusion  coefficients  and  test 
the  validity  of  the  new  Iheory, 

« * « * 

Critique  of  Combustion  Kinetics 

467-1-21  PRIORITY  1 2 SST.  CCMFLBTIOMt  August  1953 
Unclassified  KS3P0M3IBLS  J3CIBHTI5TV  K.  Scheller  ZX£i  27153 
None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  project  is  to  evaluate  and  correlate  existing 
information  on  combustion  kinetics  with  the  object  ire  of  indi- 
cating new  methods  of  approach  to  this  problem  and  designing 
critical  experiments  to  lay  the  foundation  for  a ratatlon&l  ’ theory 
of  the  combustion  process. 

TO  PATH:  No  work  has  been  accomplished  on  this  task  to  date.  It  is  in- 

tended to  initiate  the  literature  survey  in  October  1952. 

* * # * 

TITLE: 

TASK  NO. 1 
SECURITY: 

PRIME  CONTRACTOR: 

PURPOSE: 


Survey  of  Catalytic  Combustion 

467-1-22  PRIORITY:  2 BST. COMPLETION:  Kay  1953  ' 

Unclassified  RESPONSIBLE  SCIBfTISTi  K.  Scheller  EXT. : 27153 
Hone.  Work  being  accomplished  at  WADC. 

The  purpose  of  tills  project  is  to  evaluate  and  correlate  existing 
information  on  catalytic  combustion  with  the  objective  of  recom- 
mending new  methods  of  approach  to  the  problem,  and  to  design 
oritical  experiments  in  order  to  resolve  theoretical  controversies. 


TITLE 1 
TASK  SO.: 

asms* 


# 
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Project  Ho.  467-1-22  (Cost)  * 

^ \\  • •.  ■ 

yp  DASBt  \ Bibliographies  on  catalytic  combustion  cad  combustion  la  general 

have  been  obtained  fr on  CADO  and  have  been  reviewed*  Only  a very  few  pertinent 
references  to  literature  were  found  in  this  manner.  A literature  survey  is  now  in 
progress  sad  hei  dieoloeed  aoae  reports  of  interest*  A review  is  being  made  of  cur- 
rent theories  of  ohemical  sad  physical  oat&lsis.  A book  in  Russian,  published  in 
the  U33B  in  1946*  entitled  B3urface  Combustion0  ty  H*B,  Ravish  hae  been  located  In  ; 
the  files  of  the  Air  Technical  Intelligence  Center*  It  is  intended  to  have  this 
document  translated  if  ite  contents  warrant  it* 


TIgJBt 
SAg  BP  . 1 
aacuRiiTt  o 

Baeagt 


Study  of  Turbulent  Combustion 

467-1-23  PRUCBITIt  Ik  BST.  CCMPLBnaii  August  1993  v 
Unclassified  aCIMTiaTt  gTScheller  gXT.i  27193 

Hone.  Work  being  accomplished  at  WASC. 

The  purpose  of  this  projeet  is  to  evaluate  and  correlate  existing 
information  on  turbulent  combustion  with  the  objective  of  attacking 
the  problem  from  a new  viewpoint  and  establishing  a more  satis- 
factory theory  of  turbulent  combustion. 


TO  DATBi  Work  on  this  task  has  not  yet  been  initiated.  After  reviewing 

and  digesting  the  literature,  a report  will  be  written* 

• * * • 


tulbi 

TA a HO.i 
iffiURCTTi 

PKDB  COSTBACTOBi 

puyossi 


Heat  Transfer  from  a Supersonic  Stream  at  High  Temperature  and 
Flnxes 

467-2-1  PRXO8XTT1  2 BST.  CCHPLmOBt  December  1992 
Unclassified  SSB9ESBSSJSJ8PSL*  **  Soehngen  BT.t  27153 
Battalia  Memorial  institute 

The  purpose  of  tide  task  is  threefold)  (1)  the  measurement  of 
rates  of  heat  transfer  from  a stream  of  hot  gases  in  a tube 
at  supersonic  maefa  numbers,  (2)  the  study  of  the  test  results  - 
thus  obtained  In  the  light  of  fundamental  theories,  and  (3) 
a transfer  under  the  test  conditions* 


TO  DATBt  Tests  were  run  at  each  3 and  temperatures  up  to  6000°B*  Un- 
satisfactory results  could  be  traced  to  improper  ccobustion  operation.  After  a 
redesigned  injector  system  and  new,  improved  instrumentation  were  employed,  some 
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Project  So,  467-3-1  (Cent) 


toot  cootklfltt, 
fails*. 


for  flat  plates  by  vsn 


aured  aa  mnc*  ithM  owwr  the  length  of  tha 
the  distribution  of  the  loekl  raises  also 

. \z« 


data  obtained  so  far 
Driest  within  JO*.  ‘ 


k with  theoretical  data  calculated 
are  about  503?  lower  then  tost  data 


Cksmtdorabls  scattering  of  the  teft  data  wae  observed,  ike 
following  conclusions  way  be  drewai  (1)  Ike  data  obtained  do  not  represent  with 
sufficient  reliability,  a eolation  of  the  subject  problem.  Iks’  agreement  with 
theory  is  only  fair.  Kffocte  of  inoculate  combustion,  gas  dissociation,  gas 
radiation  and  imoonplste  knowledge  of  property  data  are  important  parameters, 
the  influence  of  which  could  only  be  very  roughly  estimated.  They  certainly  de- 
tendne  the  reliability  of  the  data  obtained  to  a greet  oocteot.  (2)  at  tha  present 
state  of  the  art,  it  dots  not  ooen  poseible  to  investigate  simultaneously  the  two- 
fold affect  of  high  velocity  and  high  tetpcraturee  on  super ecnic  flow  in  a pipe. 
Both  effects  cast  bo  solved  separately  before  a fruitful  approach  to  the  compound 
problem  will  be  reaobod.  Consequently  extension  of  the  project  has  not  been  reoom- 
nsnded  and  It  will  be  dosed  opt  after  a detailed  evaluation  of  the  remits  has 


* • « • 


Radiation  Gharae terlsti 0 e of  Gaaee  Heated  Under  Controlled 
Conditions. 

467-2-2  PRIOBITT;  2 88T.  j^SlSSSL*  FWwuaiy  1953 

Unclassified  BBaPCBfliffig  aPiafflSTi  Brioh  Soebngen  ffli  27153 
Industrial  Scientific  Caapeoy 

The  purpose  of  this  investigation  is  to  study  infrared  aadssicn 
and  absorption  spectra  of  carbon  dioxide  heated  fay  external 
sources  under  controlled  conditions.  (This  program  nay  serve 
to  indicate  whether  Infrared  radiation  pyrene  tar  for  use  as  s 
turbojet  control  sensing  clamant.) 


TO  DATS  1 The  larger  part  of  this  contract  period  was  spent  in  designing, 

constructing  and  calibrating  the  experimental  equipment  required  for  quick  and  re- 
liable series  testing  of  gases  uatier  various  controlled  conditions*  Ibis  phase 
has  been  described  by  one  technical  and  two  progress  reports. 

Upon  completion  of  the  experimental  set-up,  sobs  preliminary  in- 
vestigative tests  were  conducted  on  gaa  mixtures  of  5 to  1005?  carbon  dioxide  in 
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Projeot  So.  467-2-2  ((tact) 

nitrogpn  at  three  temperature  levels  ranging  up  to  1$00°F.  Thaos  toots  indicated 
that  tha  ewperiaeatel  eetp-up  will  cover  the  mg»  under  consideration  with  suf- 
ficient accuracy.  “ - 

Sqm  taata  with  C*2  wara  ccpdaoted  a short  tiaa  prior  to  aa- 
piration  of  the  contract.  Tha  tost  finding*  war*  presented  la  a final  raport 
which  covers  ala  ■assure— hte  of  gaa  absorptivity  rtpawntad  by  300  data,  evalnafced 
la  ten  of  gaa  ssdssivity,  as  wall  as  tares  ■suur—w.ta  af  gaa  — losivity.  tai- 
pereture  levels  op  to  lflOQ^war*  covered.  Sow*  of  the  nor*  otgsifUant  results 
art  a a follows  t (l)  Tha  indirect  nothod  of  determining  the  gas  snlssivlty  tor 
■assuring  tbs  absorptivity  proved  to  bo  actth  simpler  sad  nor*  accurate  than  tha 
direct  aathod  of  noasurlag  the  ssnlsoivlty.  (2)  Tha  spectral  — Lssivlty  of  wtss 
dioxide  been— s lass  dependent  on  t—peraiure  as  tbs  tsnperatura  laoroaaaa.  (3) 

At  loirpavtial  and  absolute  pressures,  a oons&darabls  deviation  froa  Bear’s  law 
has  base  food. 

Xh  ecndhsloo,  tha  project  has  resulted  In  tha  dsnreidf— at  of 
a tool  which  allows  tbs  reliabls  routine  series  tasting  of  gas  aadssivity  up  to 
ZXffif  and  up  to  two  ataoaphares  in  pressure.  Tha  fair  data  taken,  ewer  only  a 
snail  part  of  the  entire  first  range  anticipated,  fevertbelese,  it  la  not  rooon 
tMBdod  to  saetoad  tha  project  for  saothor  period  Binds  a slnilar  project,  covering 
a oonsidarably  wider  range  has  been  started  recently  at  the  Rational  Bureau  of 
Standards  under  tha  sponsorship  of  the  Power  Plant  Laboratory  of  VADC.  The  pro- 
ject la  therefore  being  dosed  out. 

• * * * 


TITLSt 
TAg  BO.  1 

mssm*  • 
mm  * 


TO  DAB  i 

#8  "Heat  Projjagation,  Past  and  Future, 9 has  been  published  and  initial  distribution 

has  boon  cads.  « 


Critique  of  Skirting  Beat  transfer  Theory 
467-2-3  PRIORITY!  2 B3T.  COfflggCBi  Continuing 
Unclassified  ngsxntaTHm  sciarriSTi  D.Q.  3a— res  BET.  1 27153 
Boos.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  oaks  a critical  review  of  the 
present  status  of  heat  transfer  theory  to  detersino  its  failings 
and  indicate  directions  for  necessary  research. 

Work  an  the  first  paper  has  been  oonpleted.  FHL  Technical  Report, 


000 


166 


RESTRICTED 


TITLSc  Steady  State  Badiative  Heat  Transfer  in  Hco-Uienaodbuamlc 

* Equilibrium  . 

TASK  8Q.»  Lt>7-2~h  mmxtti  2 SST*  COMPLSTIOSt  April  1953 

aasgsmi  a Unclassified  B^sttMSTRp  aCiaraiSTi  J.  Loth  m.t  27153 

pane  carffiACTpqi  adversity  of  Utah 

PtlHPCafo  The  purpose  of  this  task  la  a study  of  observations  of  outer 

solar  atmospheres  with  the  objective  of  obtaining  information 
on  radiative  .best  transfer  through  the  investigation  of  the 
~ * radiation  field  and  radiative  transport  or  energy  in  solar 

' gaaaa* 

TO  DAT8»  This  task  was  originated  with  the  objective  of  date  mining 

whether  solar  ataoapbare  research  data  aright  be  of  use  la  the  solution  of  aaro* 
dynario  heating  problems  associated  with  •‘hypersonic  flight  speeds*  A number  of 
teetanleal  report*  have  been  submitted  under  -tills  contreot)  of  these,  two,  ®The 
General  Theory  of  Ooapreaaional  Haves  in  a Fluid  and  its  Application  to  Specific 
Problems",  and  ’The  Theory  of  Turbulent  Velocity  Fields  In  the  Presence  of  Force 
^ Fields  and  Application  to  the  Solar  Ionisation  Zone  and  Heteorologioal  Phenomena" 

by  Dr*  E,  Parker  cease  oloseet  to  bearing  on  the  problem  In  adnd.  However, jiby 
and  large,  the,  work  aooospliahed,  while  of  an  excellent  acieatlfio  grade,  tss  shown 
that  tills  approach  to  tin  problems  of  high  speed  aerodynamic  hasting  is  not  very 

* likely  to  succeed  in  the  foreseeable  future.  There  is  a possibility  that  this  ap- 
proach any  seme  day  aid  in  the  solution  of  problem  of  oce^usticn  kinetics*  Hew* 

• ever,  a great  deal  of  work  in  reducing  present  solar  theories  and  data  to  a 

* tractable  font  must  be  accoapllahed  before  this  can  tabs  place*  . 

List  of  Technical  Reports  submitted  to  d&tet 

A Study  of  the  Physical  State  of  and  Baerg y Transport 
Processes  in  Hon-Thermodynaaie  Equilibrium  Gaseous 
Atncsphsres  ' 

Departures  from  ^heraodynaaio  Squilibrlum  in  tits  Chromo- 
spheric Hydrodynamic  Field 

The  General  Theory  of  Compressional  Waves  in  a Fluid  and 
Its  Application  to  Specific  Problems 
The  Theory  of  Turbulent  Velocity  Fields  in  the  Presence 
of  Force  Fields  and  Application  to  the  Solar  Ionisation 
Zone  ami  Meteorological  Phenomena 

» # # « 
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Ihe  Energetics  of  Ncnlaothensal  and.  treweraiblc  Prosss^,; 
467-2-5  PRIORITY:  2.  BST.  CCMFLETIONt  April  1954 
Unclassified  BS8K&SXBI&  SCIBfTISTt  J.  Loch  27X53 

Columbia  University 

The  purpose  of  this  task  is  to  provide  a better  general  know- 
ledge of  thermodynamics  which  may  evsntaully  be  used  in  de- 
signing better  jet  propulsion  systems. 

A great  deal  of  time  has  been  lost  to  date  .in  efforts  to  bring 
the  principal  investigator,  Mr.  Hans  Hoitae,  Jr.,  from  Norway. to  conduct  this 
work.  There  is  some  hope  now  that  Mr.  Holt&n  will  be  Immigrated  to  this  country 
before  the  end  of  1953.  However,  in  tho  meantime,  since  negotiations  with  Columbia 
University  were  first  opened  by  this  Laboratory,  the  mission  end  functions  of  the 
Flight  Research  Laboratory  have  been  reoriented,  it  is  near  believed  that  this 
contract  falls  Into  the  domain  of  the  Office  of  Scientific  Research  at  Headquarters, 
ARDC. . It  la  therefore  being  recommended  that  all  records  and  data  pertaining  to 
this  task  be  transferred  to  that  organisation  as  soon  as  possible. 


r.v'K  NO.  : 

^xiuaiiT? 

VSSME  CON-  1ACTOO 
FUB?  OffigT'  ‘ 


TO  DATE: 


* • * • 


SM* 

TASK  NO. : 
SECUBXTT: 
lane  COBTaACTOR: 


Instrumentation  for  Heat  Transfer  and  Fluid  Flow  Investigations 

467-2-6  PRIORITIt  2 EST.  COPECTICBt  Continuing 
Unclassified  RESPONSIBLE  SCIBNTISTt  L.E.  Bollinger  BIT.  > 27153 
None.  Work  being  accomplished  at  WAOC. 

The  purpose  of  this  task  is  to  obtain  heat  transfer  data  on 
liquid  cooled  turbine  blades  which  are  subjected  to  high 
trlfugal  forces. 


TO  DATS:  A fairly  complete  file  of  catalogues  and  literature  describing 

coninerci&lly  available  electronic  and  optical  instrumentation  equipment  has  been 
established.  A file  index  system  was  set  up  to  facilitate  the  location  of  par- 
ticular catalogues  which  describe  specific  types  of  instruments. 

A study  was  made  on  general  Instrumentation  required  for  a 
laboratory  and  appropriate  procurement  action  has  bean  taken,  lb  date,  a con- 
siderable majority  of  the  equipment  has  been  received  but  no  facilities  have 
been  provided  for  their  us®. 

* >:*  * # 


TITLE: 
TASK  NO. : 
SECURITY; 


Pressure  and  Temperature  Effects  on  Laminar  Boundary  Layers 
467-2-7  PRIORITY.:  2 i lT.  COMPLETION:.  Continuing 

Unclassified  ri£SPOHS.tsLa~  SCIENTIST:  H.U.  Eckert  EXT.i  27153 

Best  Available  Copy 


Project  So.  467-2-7  (Coat) 


HAWCSi  -Ohio  State  University 

Use  purpose  of  this  teak  is  to  obtain  basis  information  on 
^ pressure  gradient,  friction,  teat  transfer,  tmperstur*  rs- 

»W7i  and  stability  of  tbs  Isatter  bouadiay  layer. 

* _/•  \J  c . ..  ^ 

TO  DATS*  Equations  sppll cable  to  the  temperature  recovery  in  lsatosr 

boundary  layers  on  insulated  wedges  have  boon  solved  on  tbs  analogue  oggatter. 

ins  wiutlOfl  indicAted  that  tbs' pressure  gradient  bad  no  effect  an  tbs  teapsratiirs 
recovery  factor.  Integration  of  the  equations  applicable  to  tte  thermal  boundary 
layer  of  isothernal  (constant  surface  temperature)  wedges  revealed  definite  pres- 
sure gradient  offsets.  Pressure  gradient  has  s note  pronounced  offset  on  tbs 
boat. transfer  coefficients  of  ilt&ds  with  hi#  Prsnttl  Van ten  than  on  gases.  It 
has  also  teen  food  that  at  high  Prandtl  Bobers,  tte  tenperature  recovery  obeys 
the  one  third  power  law  ratter  than  tte  sque**  root  law,  and  at  extremely  low 
Prandtl  Bobers  tte  tamgwraiure  rscayiy  is  taro.  A solution  for  tte  thermal 
boundary  layer  of  a surface  along  white  tte  tampersture  is  represented  by  analy- 
tic function  and  the  looal  free  strew  velocity  distribution  such  as  to  yield 
similar  boundary  layer  profiles  has  been  found  using  Bessell  functions.  Tte  re- 
sults have  teen  tabulated  on  a computer  fbr  practical  applications.  An  exact 
solution  of  the  tfcomal  boundary  layer  equation  has  been  obtained  for  tbs  region 
near  a blunt  forward  stagnation  point.  Discovery  of  an  exact  solution  for  tbs 
case  of  laadnar  viscous  incompressible  flow  toward  a rotating  disc  has  bean  re- 
ported. Text  of  a note  concerning  this  subject  has  bean  submitted  to  the  Flight 
Research  Laboratory  site  request  for  permission  of  publication  in  tee  "Headers 
Forum"  of  tee  "Journal  of'  Aeronautical  Sciences".  Discussions  concerning  ex- 
tending present  work  to  hypersonic  flow  have  teen  1a  process. 

V,  « « « « 


PURPOSE* 


TITLE! 

TASK  HO. i 

aacuarm 

PRTWg  C-OHlSACTOSi 
PURPOSE: 


Heat  Transfer  to  Boundary  Layers  with  Variable  Free  Stream 
Pressures 


467-2-3  PRIORITY!  2 BST.  COMPLBTTOKt  Continuing 
Unclassified  RESPONSIBLE  SSIESTISTt  H.U.  Eckert  EXT,  t 27153 
University  of  Califvi-aio 


The  purpose  of  this  task  is  to  obtain  information  (theotetical 
and  experimental)  on  heat  transfer  to,  or  from,  a moving  air- 
0 tress  for  eventual  application  to  aircraft  heating  and  cooling 


problems. 
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Project  So*  467-2-8  (Coat) 


to  DttEi  Zb  continuation  of  the  prograa  to  develop  techniques  for  tho 

calculation  of  boat  imifar  to,  and  free,  air  ctreeas,  theoretical  as  wall  ae  ' 
experinental  work  has  boon  acccMpllahod.  On  the  theoretical  side*  (1)  * rtviar 
boo  .boos  a ado  of  existing  Methods  of  Isartnar  boundaiy  layer  c^Sa&uietleo,  (2)  the 
ease  of  boat  transfer  to  lamias?  wedge  flows  with  variable  vail  temperature  hat 
bean  solved,  (3)  a nfctr  aethod  has  bean  developed  farcalculatic©  of  beat  transfer 
to  turtmlant  boundary  layers  with  variable  free  stress  velocity  end,  (4)  the  eaae 


of 


" been  solved* 

. ‘ ...  . . v: js 


o 


tv»  j^g  Bgpmri  pen  till  the  dftoadsitlsi  heat  trsns 

for  coefficients  for  elliptical  cylinders  baa  beeh  extended  to  terloos  types  of 
free<otreeai  velocity  variation  by  changing  the  arisotaticn  of  the  cylinder.  Stan- 
dard Methods  of  predicting  the  local  hea$  transfer  coefficients  appear  to  be  suf- 
ficiently accurate  for  design  purposes.  Aerodyneado  heating  effects  <drfch  are 
present  at  the  test  air  velocities  oen  bo  satisfactorily  accounted  for,  which 
dsnacstratee  the  adequacy  of-  the  usual  recovery  factor  specification. 

Experimental  work  related  to  the  effect  of  large  tsaperature 
differences  wee  only  partly  eoooeesful  dose  the  nodal  vdilch  had  a golrtplatlng  to 
Bihiodee  radiation  losses  failed  at  surface  teepere tores  abe-e  500°  Fahrenheit, 


« **  • 


this  i 
me  BO.  i 
SBOUBITTt 
FEME  COSTBACTOBt 
PPHPOflEt 


Heat  Exchange  Between  Bodies  and  Oases  In  Supersonic  Flow 
467-2-11  FBI  POTTY  t 2 K3T.  CCMPIflnWi  Jemary  1956 

tbelasslfied  m&mzrrrL^  SCVamSTt  H.D.  Eckert  BET.*  27153 
Haval  Ordnance  Laboratory 

The  purpose  of  tills  tack  is  to  direct  (1)  investigations  of 
aerodynaaic  heating  effscts  o'- curing  on  skin  eurfaote,  (2) 
establishstwt  of  proper  scaling  laws  relating  to  heating  ef- 
fects, (3)  and  theoretical  investigations  of  the  aerother- 
modynsaic  effects  attract  to  the  flight  of  aircraft  and 
cd.  as  lies  in  the  supersonic  flew  region* 


TO  DATS*  Measurements  of  recovery  factors  and  heat  transfer  '-oefficients 

in  the  40  by  4^  centimeter  intarndttent  tinmel  and  the  18  by  IF  centintter  con- 
tinuous tunnel  of  the  Haval  Ordnance  Laboratory  which  cover  Kaeb  number  ranges 


tisef 
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Prejse  : N*j . 467-2-11  (Confc) 


from  3,5  to  *>  have  been  extended  from  cone-cylinder  coiabinailons  to  hemisphere  - 
cylinder  bodies,  spheres  and  cylinders  in  cross  flow.  Special  investigations 
were  mide  of  the  effect  of  boundary  layer  history  on  recovery  temperatures,  the 
effect  of  time-varying  air  supply  temperature  on  heat  transfer,  and  the  effect  off 
heat  conduction  on  thermocouple  temperature  measurements.  Efforts  have  been  made 
to  act  up  a measure  for  the  turbulence  level  in  supersonic  flow.  Since  evaluation 
of  hot  wire  data  is  extremely  difficult  at  supersonic  speeds,  an  arbitrary  measure 
for  comparison  of  turbulence  levels  in  several  wind  tunnels  is  obtained  from  de- 
termination of  the  transition  Reynolds  number  on  a 5 degree  cone. 

Temperature  surveys  have  been  made  in  the  wake  of  a cylinder. 

In  contrast  to  the  low  speed  results  of  Ryan  -in  Switzerland)  no  particularly  low 
temperatures  have  been  found.  The  difference  is  believed  to  be  due  to  the  fact 
that  the  high  speed  flow  does  not  permit  the  formation  of  large  vortices  in  the 
wake. 

* # * * 


TITLE; 

TASK  KO,: 
SECURII; 

PRIME  CONTRACTOR; 
PURPOSE: 


Heat  Transfer  in  Two-Dimensional  Steady,  Laminar  Incompressible 
Flow  Between  Non-parallel  Plane  Walls 
467-2-12  PRIORITY:  2 E3T.  COMPLETION t December  1952 

Unclassified  RESPONSIBLE  SCIENTIST;  K.  Folhausen  EXT.;  23250 
None.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  (1)  obtain  an  exact  mathematical 
solution  of  the  problem  of  heat  transfer  in  two  diissnstonal 
steady,  laminar,  incompressible  flow  between  noo-partllel  plan* 
walls,  (2)  to  obtain  answers  to  this  problem  for  a number  of 
cases  of  practical  interest,  (3)  to  obtain  an  experimental 
verification  of  these  predicated  results. 


TO  DATS:  This  project  has  only  recently  been  inaugurated,  hence  no  prog- 

ress reports  are  available  at  this  date. 

# Hr  * * 


TITLE: 
TASK  KO.: 
SECURITY: 


Convective  Heat  Transfer  to  Extremely  Viscous  Fluids 
467-2-13  PRIORITY:  2 EST.  COMPLETION:  January  1953 
Unclassified  RESPONSIBLE  SCIENTIST;  H.U. Eckert  BIT. : 27153 


Best  Available  Copy 


Project  ip.  4&7-2-13  (Coot) 

rang  CCBTRACTOR*  Sene.  Work  being  accomplished  by  WAfiC. 

PUHPOSSt  • The  purpose  of  this  took  is  toobtain  fundamental  date  on  fc*ee 

and  fore  ad  convection  beet  transfer  phenomena  Involving  e»- 
treaaly  viscous  flnlde.  Such  d&te  will  provide  a rational 
' taels  for  the  design  of  heat  exchangers  of  stab  fluids,  as 
soil  as  to  shad  light  on  some  unsolved  problems  of  convective 
heat  transfer  at  very  high  Prandtl  macbere  and  very  low  Gresbof 


TO  DATS*  the  study  phase  Including  a literature  survey  and  the  layers t 

and  deaign  of  tbeexpsrimental  set  up,  baa  bead  oomplwted.  lha  basic  test  rig  has 
been  built,  for  measurements  of  free  convection  of  hast  transfer,  consisting  of  a 


teat  chamber  equipped  with  moving  thermocouples  for  the  measurements  of  tempera- 
ture fields  around  the  test  model  a.  Several  test  fluids  - hydrocarbon-polymers 
with  high  temperature  coefficients  and  silicon  polymers  with  lew  tmnperetwea 
coefficients  hays  been  obtained.  Test  models  are  on  order  and  instrumentation 
plans  have  bean  ccnplated. 

The  literature  survey  yielded  little  information  of  value.  So 
far  no  data  have  been  found  which  may  assist  in  edlviiig  the  problem  of  heafr  trans- 
fer to  extremely  viscous  fluids.  Consideration  is  being  given  to  the  extension 
of  the  experiments  on  forced  convection  flows.  Progress  has  been  slew  due  to  a 
lack  of  man  power  and  laboratory  installations. 


, * * * * 


TITLE* 

TASK  MO.  * 
3BCURITY1 
PRIMS  COBTRACTQRi 
U 


Interf erose t rie  Study  of  Free  Convection  Heat  Transfer 
Phenomena  in  Oases 

467-2-H  PRIORITY » 2 ffT.,  gfffLETIOpt  July  1953 
Unclassified  MBgcmamt  SCIBKTISTt  E.  Sbehngen  SXT.t  27153 
Mono.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  obtain  data  on  the  distribution 
of  local  heat  transfer  coefficients  for  free  convection  from 


various  surface  configurations  under  different  environmental 
conditions. 


Project  Bo.  467-2-H  (Cent) 


TO  DAgt  hteothepPoject  mi  initiated,  tho  interferometer  ted  bean 

rttnsnnnuTilorl  became  of  a wore  to  another  laboratory.  At  the  i»i  tie*,  the 
cstlnol  norte  bed  been  ehihpto  to  tha  nsnttfaoturer  for  e complete  ot  wheel.  W- 
StAaoel ST witeom  faTSS»eetor  plates  toes  teen  ordered  so  that  the  equip- 
toctsdght  be  adjusted  to  the  highest  standard*  A notice  picture  ossssrs  la  being 
concerted  to  epedal  toe  uibb  the  interfewwter. 


further  work  will  be  done  to  cone  trust  a multjlamp  ill  uni  nation 


juwt»»n  mA' 


Work  uill  be  eurtelied  dne  to  the  ehenglng  of  loootlon  of  the 
Propuleito  Breach  when  relnotollatian  takes  place,  a ■odificaticci  of  the  adjust- 
■ Mot  system  uill  be  node. 

Cooperation  end , coordination  ulth  tho  OBAF  end  other  ogeneiee 
have  bens  established, 

♦ # * ♦ . ** 

Unsteady-State  Beat  Ttenafer  in  Regenerative  Boat  Bnhangera 

467-W.5  PmohiTXt  2 gar*  cqgigzgi  1953 

tteOaseified  flMPCBBIgJ,flOXBITIgTt  S.  Soafaagen  £3**  27153 
atinoie  institute  of  Ibehaologr 

The  purpose  of  this  .task  is  to  obtain  basic  data  essential  to 
the  design  of  ra generator  cores,  and  to  develop  a well-founded 
theory  of  the  regenerator  adequate  for  aircraft  applications. 

0 * . a 

.w  fti a project  ia  an  extension  of  a similar  one  initiated  try  the 

Power  Plant  Laboratory  of  WADC  in  1949  (and  later  transferred  to  the  Flight  Research 
Laboratory)*  In  contrast  to  the  f oncer  project,  the  new  one  emphasises  the  baaio 
phenomena  of  regenerative  heat  transfer.  Bis  equipment  already  designed  end  par- 
tially constructed  under  the  earlier  contract  is  being  rebuilt  and  modified  to  meet 
the  new  requirements  as  specified  under  the  current  contract.  . 


mi a-* 


PUBPOSBt 


TO  DATS* 


a * « * 


TTTUSt 
TASK  KO. 1 
SBCURITYt 
PR7MR  C CM  TRAC  TOR  t 


might  Simulator  for  Transient  Aerodynamic  Heating 
467-2-16  PRIORI 'll  i “ IA  15T.  ccaFLHTIfflii  December  1952 

Restricted  n^SPCMflims  anB?TISTt  S.  Soehngen  SIT, : 27153 
Hone.  Work  being  accomplished  at  WADC. 
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Project  So.  467-2-16  (Coast) 


PPBPOSBi 


Ifce  purpose  of  this  project  is  to  obtain  bade  Bcmrlcal  data 
naeeaaary  for  the  eolation  of  the  fallowing  pmhl — t (1) 
lose  of  fuel  la  integral  sad  ead-lBtegrel  sing  tanks  by 
tioadasto  the  whined  effects  of  transient  changes  of  ol~ 
titode  ead  aerodyaaalo  heating,  together  with  the  lnfluawos  of 
different  deslpi  parameters,  (2)  fundamentals  Of  steady  state 
heat  traaafer  by  free  convection  fro*  horlsoetal  surfaces  to 
resting,  agitated,  or  foeaiag  fltdda  of  Ucnogeneous  or  hetero- 
geneous oonpoaitloa  under  boiling  and  non-bailing  conditions  ( 
(3)  tine  t separators  distributions  within  structural  clemms 
in  thermal  cantaot  with  sarfaoeo  exposed  to  transient  high 
speed  airflow. 


Thjs  data  will  sake  possible  the  prediction  of 
for  a given  high  speed  aircraft  for  any  possible  flight  plan. 
It  will  also  serve  ae  basis  inf  area  tine  for  design  Pork,  as 
well  as  for  the  asses seest  ef  various  nnhwme  for  elnieielng 

foal  evaporation  losses. 

• 

The  first  phase  of  the  pro  jest,  which  has  been  started  at  the 


&M.I 

request  ef  an  aircraft  eentraetor,  has  bean  completed. 


A laboratory  test  set  up  for  wurihg  fu.%1  loasee  doe  to 
dynamic  heating  frosa  tanks  in  high  speed  aircraft  subjected  to  transient  flight 
conditions*  The  oo&strootion  of  the  first  rig  is  alonet  eoopleted]  it  will  be 
tested  and  sodified  where  necessary  prior  to  the  oonstrootlon  of  a second  rig. .. 


A report  has  been  written  covering  the  fundamental  Ideas  and 
operational  characteristics  of  the  aianlated  system  as  applied  to  fool  tanks. 
However,  it  has  been  found  desirable  to  include  the  latent  theoretical  findings 
required  for  proper  elxulation  ae  well  as  to  cover  ether  problem  of  high  speed 
flight  system  which  a ay  be  solved  by  applying  the  simulator  principal.  There- 
fore, the  report  will  be  rewritten  and  generalised. 

• * *,* 

Perpheral  Puafc  Investigation 

467-3-1  PRIOSITIt  IB  BBT.  aatFLSTIOK;  December  1952 
Unclassified  HSSP0S3IBLS  SCIggTIgTi  I,  Cramer  BXT.  j 27153 


TITUS  1 
TASK  HO. 1 
SECUHITTt 


CONFIDENTIAL 

u • 

{ Pro  J eat  So.  467-3-1  (Coat) 


rams  GCSnSACTOBi  Nona.  Work  being  aooospliahed  by  WADC. 

PUHPOSSt  The  purpose  of  this  task  is  the  Investigation  of  the  flow  pro- 

cesses  taking  place  in  peripheral  props,  with  particular 
reference  to  the  pumping  of  roolcet  propellants, 

TO  PAggt  In  April  of  1950  this  project  was  initiated  as  a task  under  a 

. mors  general  contract  with  the  Ohio  State  University.  The  contract  wae  termi- 
nated  with  the  contractor  in  July  1950  dm  to  the  Imi  of  their  qualified  per- 
sonnel sad  it  was  then  decided  to  ooatinua  it  ae  an  Internal  project  in  the 

rrqpuieiflfc  Breach  of  the  flight  Research  taboratoiy. 

u „ 

Aa  an  internal  project.  Dr.  F.  Weinig  of  the  Propulsion  Branch 
developed  a theory  based  upon  traction  to  deeoribe  the  characteristics  of  this 
type  puap.  Three  peripheral  paape  Of  different  capacities  were  purchased  at  that 
time  for  one  phase  of  the  teat  program.  Two  test  rigs  were  proposed  and  the 
necessary  equlpaest  purchased.  The  rig  for  the  study  of  the  flow  patterns  wae 
‘designed  and,  after  considerable  difficulties  in  the  obtaining  of  equipment  and 
. laboratory  facilities  were  sumounted,  the  rig  was  ecnstruoted.  khan  the  operating 
limits  of  the  rig  were  established,  a series  of  high  speed  motion  pictures  were 
taken  of  the  flow  patterns  to  determine  the  proper  photographic  and  flow  visuali- 
sation tectmiquea  required  for  the  study  of  the  internal  flow  patterns’  of  the 
peripheral  pusap.  At  present,  these  films  are  being  evaluated  to  determine  the 
best  method  of  tracing  the  complex  flow  patterns  in  this  pUaq>. 

♦ * # # 

Pvtmn  Cavitation  Literature  Surrey 

467-3-2  PRIORITY  1 2 8ST.  CCMPimOBi  February  1954 
Restricted  BBgqBIBLS,  JglgrZTSrTt  J.  Loch  KXT.t  27153 
Kcne.  Work  being  accoapliahed  at  WADC.  ^ __ 

The  purpose  of  this  task  is  to  investigate  cavitation j (1)  fun- 
damental understanding,  (2)  development  of  methods  for  pre- 
dicting, avoiding  and  delaying  the  onset  of  oavltation,  and 
(3)  fundamentals  of  hydraulic  machining  operation  in  the  cavi- 
tation region. 

The  first  phase  of  this  task,  dealing  with  a review  of  the 
basic  literature  on  cavitation,  has  been  virtually  completed,  with  special  at- 
tention being  paid  to  the  problem  of  oavltation  in  centrifugal  pumps.  Recent 


TAg  RO.  1 
SBCURITYt 

imam* 


TO  DATS* 


Project  So.  467-3-2  (Cent) 


data  obtained  during  the  development  testing  of  high  output  tortine-puap  sets  for 
rootat  engines  has  revealed  that  phenomena  which  sere  formerly  thought  of  as  being 
little  or  no  influence  on  the  cavitation  characteristics  of  pops  give  rise  to 
appreoia&U  deviations  from  predieted  characteristics*  4a  example  of  this  Ur  the 


clearance  of  the  veering  ring  of  a pop*  Certain  suggest  ions  for  cqperimaatAl  work 
in  the  investigation  of  oavitatien  in  eemtrifagal  punps  have  been  made  and  are  now 
being  evaluated.  A method  has  also  been  proposed  for  calculating  the  pressure 
distribution  in  a centrifugal  pwap  impelled,  based  on  axperlnb..  &l  data  of  Oehinaru 


# # ♦ * - 

Tfflgi  Two  atvT  Jupci’sonlc  Ocanrasaor  »—****  Testing  TSdsdon 

467-3-3  HBSSI*  2 8ST.  CCHPlgTIC^t  Continuing 
gagS  Confidential  BSffg^^MagaTl  H.  Bokart  g£S-*  27153 

PgDg  CCBT^ACTOfo  . Research  Foundation  of  the  University  of  Tblado 
FUBPQSSs  s The  purpose  of  this  teak  is  to  date  rains  a reliable  experimental 

technique  for  the  testing  of  two-dlmen aional  auperaoalo  oom- 
preasor  cascades. 

TO  DAfSt  The  final  report  baa  been  received  and  appraised.  A report 

closing  out  this  teak  will  be  Written  in  the  near  future.  Regarding  the  testing 
techniques,  it  was  found  that  for  the  range  of  pressure  ratios  covered  by  the 
teste,  no  spools!  consideration  is  necessary  as  regards  the  boundary  conditions 
at  the  cascade  ends.  It  was  further  found  that  good  correlation  existed  between 
the  static  pressures  measured  by  wall  statics  and  probe  surveys  and  the  information 
obtained  from  Schlieren  pictures. 

Concerning  the  character  of  the  supersonic  cascade  flaw,  it  was 
found  to  be  essentially  two  dimensional  and  corresponded  closely  to  the  design 
flow  pattern  in  the  entrance  region  of  the  cascade.  In  the  divergent  section, 
large  deviations  from  toe  expected  pattern  developed,  -With  the  flow  separating 
from  the  passage  wall's  even  at  low  pressure  ratios.  From  photographs  obtained 
in  the  course  of  the  investigation,  it  appears  this  separation  is  caused  by  toe 
incident  shock  originating  At  the  profile  trailing  edges.  The  separation  occurs 
a considerable  distance  upstream  of  the  point  of  incidence  of  the  shock,  and  its 
extent  increases  rapidly  with  increasing  pressure  ratio.  At  a pressure  ratio  of 
2,59  the  separation  reached  the  cascade  throat,  thereby  transforming  toe  region 
downstream  of  the  throat  effectively  into  a passage  of  constant  cross-sectional 


Project  Ho.  467-3-3  (Coni) 


»m.  It  s««bs  that  as  a diroot  consequence,  ths  shook  dost  sot  find  a stable  . 
location  within  ths  oasoads.and  it  is  forced  to  acre  upstream  to  ths  loading 
edges  of  ths  profilss,  Ths  aiadmaa  statio  prsasurs  ratio  that  could  bs  achieved 
through  the.  o&eoade  was  thereby  limited  to  4*46  la  comparison  with  7.73  as  pre- 
dlotsd  by  theory* 

_ Further  Investigation  of  these  difficulties  sill  he  made  under 

task  Ho.  8-467-3-9#  Effect  of  Boundary  Layers  on  ths  rarforaaaos  of  a Twfr-nim- 
slocal  3up«r sonic  Compressor  Cascade.  . V . . . _ ■ 

• «'•  • 

1 ...  - ' O.  ' . r ■ . . * . " 

Evaluation  of  Caper aonlo  aad  fiigh  9peed  aubscnlo  Compressors 
467-3*4  PMOMTXi  a S3T.  OCHPLSTICIIi  to  1953 
Confidential  H8BPCK3THIB  flClKHTCSTt  J.  Looh  KXT.i  27153 
Prof  fleyour  Bogdoooff,  Prlsostoa  Bnivsraity 
The  purpose  of  this  task  is  to  consolidate  the  existing  know- 
ledge sod  farther  develop  the  theoretical  work  on  wiper  sonic 
ecmpreesore. 

TO  PATEt  This  task  is  aimed  at  a consideration  of  the  problems  Involved 

in  ths  development  of  the  supersonic  compressor  from  a fundamental  fluid  mechanics 
standpoint,  as  well  as  from  a sore  utilitarian  point  of  view.  Basically,  the 
work 'falls  into  three  parts.  The  first  of  these  is  concerned  with  the  supersonic 
cocpressor  as  such,  with  particular  attention  being  paid  to  ths  problem  of  starting, 
separation,  and  the  three-dimensional  shock  wav*,  structure  in  a supersonic  con- 
pressor  passage.  Radial  equilibrium  conditions  dor  the  supersonic  compressor  have 
been  carefully  studied  and  a preliminary  report  submitted.  There  seems  to  be  no 
real  difficulty  in  designing  supersonic  compressors  including  redial  equilibrium 
in  either  the  rotor  or  the  stator.  Of  considerable  interest  is  & conclusion  reached 
from  the  shook  ways  boundary  layer  analysis  work  that  high  performance  stay  be  at- 
tainable in  a very  small  supersonic  compressor  if  very  thin  laminar  boundary  layers 
can  be  obtained.  This  is  based  upon  recant  work  that  such  layers  can  support  high 
pressure  gradients. 

The  analysis  of  boundary  layers  in  adverse  pressure  gradients  in 
supersonic  flow  has  continued  as  sore  experimental  data  has  became  available.  The 
possibility  of  obtaining  high  pressure  ratios  without  separation  seems  quite  good 
and  results  obtained  so  far  show  that  pressure  ratios  of  the  order  of  3 can  be 
obtained  in  a channel  with  a turbulent  boundary  layer  with  efficiencies  of  over 
90£»  Work  along  these  lines  is  continuing,  but  it  depends  primarily  on  obtaining 
specific  experimental  data0 


ITT' 


Project  Ho.  467-3-4  (Oat) 


%■  qxx  hi^j  >pwd  mbtoBio  coc^nMon  hu  iiicludfd  the 
gathering  of  data  to  establish  Halt*  of  loading  cad  Kaeh  sober  for  supersonic 
aadal  flew  ooapreasor  blades.  Data  la  already  available  which  Amis  that  stage 
pressure  ratios  of  1*4.  to  1.5  are  possible  with  good- efficiency,  hot  no  limits 
hcii  Band  gb  tht  mv  nrln  of  toe  dlmlcBil  oiieadi  tintii 

aads  fey  Sridn  aad  his  co-workers  at  BA0A  Lesley,  a analysis  has  been  aade  to 
determine  optima  solidity,  stagger  sad  taming  angles  for  mlsia  pressure  rise 
and  power  absorbed.  Basalts  obtained  for  the  two  dimensional  analysis  hare  been 


Oalealatione  tews  been  aads  of  nnltl-etage  eoapreseer  parfor- 
■nos  as  affsoted  by  single  stage  ehareeterletiee,  with  aphasia  on  operettas  with 
part  of  the  ooapreeeor  operating  stalled  or  as  a turbine.  This  is  the  eondittaa  for 
starting  or  low  speed- operation.  A recent  BACA  report,  TH  2599,  gives  ea  excellent 
analysis  ifeioh  eUpplnenta  the  present  Work  very  will.  Specific  liaitatiens  in- 
herent in  such  calculations  sake  it  very  difficult  to  obtain  general  results.  ^ There 
nay  be  oonslderebie  shifts  in  permissible  Inerting  Halts  end  critical  Hash  where 
in  the  near  future.  Calculations  ere  being  carried  out  in  an  attsapt  to  approximate 
the  maximum  limits  to  be  expected. 

Eigh  procure  single  stage  teste  have  bedb'snalymed  to  provide 
data  for  the  oonpatlM  1 tty  studies  which  are  ooncerped  with  the  possibility  of 
using  super  sonic  and  subsonic  stages  in  series  In  s maltl-etage  machine.  Such  a 
uomm  natiait  of  supersonic  or  trwnsocio  first  stags  with  a highly  efficient  malti- 
stage  unit  haa  the  potentiality  of  providing  a very  ocepaet  machine  of  high  naae 
Aow  and  high  efficiency.  The  first  part  of  this  analysis  haa  been. the  recalcu- 
lation of  existing  supersonic  and  transonic  data  on  the  basis  of  exit  volume  Hows 
to  determine  whether  it  is  possible  to  deeigi  a subsonic  following  unit. 


ihtersetlng'  poiiita  have  arisen.  First,  the  range  of  the 
combined  unit  will  be  llndted  by  the  subsonic  pert  if  of  fixed  geometry.  However, 
variable  stators  - perhaps  only  on.  the  first  subsonic  stage  - would  be  of  great 
importance.  Second,  the  surge  or  stall  line  reverses  its  slope  for  couplets  super- 
sonic performance . This  makes  it  difficult  to  natch  a subsonic  ait  to  the  portion 
of  the  supersanlo  unit  operating  curve  where  the  output  is  at  a maximum.  This 
analysis  is  being  continued  and  will  include  all  available  experimental  data. 


e « « « 
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Monograph  on  Injection" of  Liquids  Into  a Ges  Strcaa 
467*3-6  WBSEL*  2 gZtjaggaa*  Oicwawr  1952  - 
Restricted  HB8PCB9IBL3  SOIBBTSSft  J.  Loch  S&.»  27153 
Battalia  Memorial  Institute  , 

The  purpose  -icy  this  task  Is  the  odipllttioBi  critical  correlation 
and  appraisal  of  present  Information  on  tha  continuous  injection 
of  liquids  Into  a gas  stram.  The  study  will  inclade  atowiiwa- 
ticn,  evaporation  and  diffusion  processes  both  with  and  without 
heat  release  (combustion). 

■ *.  v.  u>' 

tas8j^*he  bulk  of  tha  aerograph  has  been  written  and  la  now  being  reviewed  for  tach- 
nioaienouraey  prior  to  loan  distribution  to  other  research  investigators  and  In- 
dustrial flTws  for  their  ecsnents  and  contributions.  Approximately  22  chapter! 
presently  to  < tar  the  of  which  ♦■**»  followlns  have  bean  resdvwd  to 

dates 


Chanter  1 Tha  MechanisK  of  Atenisstlnn 

Chapter  2 The  Methods  of  Atomisation 

Chapter  3 Bo*  ale  Design 

Chapter  4 Spray  Analysis 

Chapter  5 Ballistics  of  Sdngl*  Droplets 

Chapter  7 The  Thaimtdjnaadoa  and  Kinetics  of  Bvaporetica 

Chapter  S Single  Droplet  Bvaporetlan 

Chapter  11  The  Equations  of  Fluid  Dynamics 

Chapter  12  Turbulence 

Chapter  13  Theories  of  Flans  Parameter 

Chapter  14  Combustion  Kinetics 

Chapter  19  Fleas  Speed  Studies 

Chapter  16  Analysis  of  Flans  Propagation  Studies 

Chapter  1?  Turbulent  Ccnbustion  1 

Chapter  18  Diffusion  Flaass 


It  Is  planned  that  aa  each  chapter  Is  approved  by  this  L&borWa 
tory,  sufficient  copies  will  be  reproduced  to  permit  diatrOxutian  to  all  qualified 
research  investigators  and  industrial  concerns  having  an  interest  in  the  subject. 
The  chapters  will  be  distributed  on  a loan  basis  for  a period  which  nay  vary  from 
3 to  6 months,  during  which  time  the  reeipeat  of  the  given  chapter  will  neks  hie 
c accent e on  the  oon tents  thereof,  together  with  any  suggestions  or  contributions 


ISO 
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which  fee  or  tfagr  atj  be  able  to 
reference  work  1b  this  field.  It  it 
graph will  bo  published  fa  bode  fora  iff 
of  the  country. 


the  end  of  producing  a top  quality 
i that  the  final  version  of  thla  ana 
of  the  loading  technical  pcKLlahers 
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TASK  HO. 1 467-3-7 

j-i.  Chclas sifted 
rang  CCBTSAOTOBr 


1952 

l B.U.  Eckert  »fl.«  27153 


The  purpose  of  this  task  ia  the  generalised  design  of  a dlifuat&g 
— chsntsn  for  use  in  admitting*  decelerating  and  transporting  ' 
aabient  air  to  the  octtuatlco  chatter  or  ohaabere  of  a sopor* 
Mode  (Huh  4 - I)  ramjet  engine. 


Tb  DATSi  Work  acocaplished  in  the  first  quarter  of  1952  eooeiated  of 

lytlea?.  etudiee  of  a two  dimensional  aeyaetrical  ramjet  dealga  for  a flight  Mach 
Hatter’  of  floe.  The  contour  of  the  spike  w&s  so  chosen  that  Initial  shook  and 
preesion  lima  for  this  Mach  Hatter  Intereeetod  at  the  tip  of  the  Inlet  lip.  Three 
types  of  Inlets  were  investigated!  divergent,  convergent-divergent,  and  the  per- 
forated lip.  Their  effect  upon  pressure  recovery  was  calculated  for  various  values 
of  the  Mach  Hotter  at  the  fleas  holder  and  presented  in  charts.  Jh  the  seecnd 
quarter*  the  effort  has  been  concentrated  xpen  planning  of  an  experimental  test 
program  and  design  and  sanufaciuring  of  toet  models.  Since  boundary  layer  growth 
and  stability  are  sssuaed  to  play  an  important  prat  in  the  diffuser  performance, 
two  different  tests  were  designed  to  provide  detailed  boundary  layer  information  -> 
along  the  spike  and  the  inlet  lip. 

The  first  set  of  testreemistoa  of  the  firing  of  about  20 
projectiles  with  isentropio  noee  spikes  at  K&oh  natters  between  two  and  four  in 
the  pressurised  ballistic  range  of  the  Heval  Ordnance  Laboratory.  Missile  diameter 
1A8  20  millimeters  and  ambient  pressure  raised  from  one  to  one-tehth  of  an  atmos- 
phere. Evaluation  of  shadow  pictures  from  the  flying  projectiles  will  give  inf  or 
Ration  about  the  location  of  the  transition  soda  and  possible  separation  of  the 
boundary  layer. 


1S1 
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,,  a.  Mpcod  lUKrimt  Kadjtii  la  the  <d>Hwd  *«■*<■»  at  a 
two  djaiwlart  diffuser  spike  modal  at  the  Jit  Propulsion  lafrsretojy.  3fre  model 
la  equipped  with  pressure  teps  far  detarminetien  of  the  pressure  rise  clang  the 
spike  cod  bcnmdary  layer  nku  at  the  ialet  position.  The  height  of  sebppe  for 
dividing  the  bomgduy  layer  frdm  tha  sola  flow  oil!  bo  chosen,  iaoordlng  to  tho 
thickness  of  tho  boundary  layer  measured  at  thlo  place. 


frmgutstlon  of  HI  ado  Flutter  la  Oupowmlo  Axial  floor 
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mm  B»  purpose  of  this  taak  la  to  compute  tho  flatter  obaraeterla- 

tiea  of  supersonic  axial  flow  ecapreaser  bladoa,  aalag  available 
aerodynamic  data  .cm  aaperacale  ocaproaoor  oaooadaa. 

: ' ' • - :-t=  • ' ' \ 

TO  PMB»  Aa  a flrai  ttop  toward  the  analytical  determination  of  the 

flutter  apoed  of  aaperaoaie  axial  flow  ccepreaaOr  blades,  tha  following  problems 
have  bean  studies}  (1)  a oritioal  rsviev  of  axiatlng  method*  for  tha  calculation 
of  the  flutter  speed,  (2)  a review  o'.'  sort  sting  aothoda  far  tha  calculation  of  tho 
torsional  cons  taut  for  an  arbitrary  section,  (3)  a survey  of  arlatlag  aerodynamic 
data  on  supersonic  ecapressor  blades. 


Various  nsthods  for  calculating  the  oritioal  speed  and  frequency 
as  vail  as  the  uncoupled  nodes  for  oscillating  cantilever  beats  vara  reviewed.  For 
the  most  part,  the  literature  is  concerned  with  the  flutter  of  wings  therein  cen- 
trifugal force  plays  no  part  or  with  the  iflutter  of  xnifom  beans  in  a centri- 
fugal force  field.  In  any  event,  the  addition  of  a centrifugal  force  field  and  the 
consideration  of  cases  where  the  beans  are  no 'longer  uniform  bdds  considerable  com- 
plexity to  the  problem.  It  was  found  that  tome  methods  which  were  valid  for  the 
calculation  of  wing  flutter  became  extreasly  doubtful  or  borfce  deem  completely  upon 
the  addition  of  centrifugal  force  effects,  the  methods  which  seem  to  be  applicable 
to  the  problem  at  hand  provided  that  suitably  air  force  data  can  be  obtained  are 
as  follows} 


1,  Methods  for  Calculating  coupled  Modes  end  Frequencies  i 
a.  Rayleigh’s  Method 
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v,  b,  Stodola's  Method  , ]\ 

. cl,  Hqflsqr-Mfrkleatad  Method 

.^y‘  df  Tiwoshenko'a  Method  (Correction  for  Centrifugal  Force) 


2.  Methods  of  Calculating  th»  Flatter  Frequency  and  Speed 
for  Cantilever  Boases 


(1)  Sgalrlgidlty  hypothesis 

(2)  Boot  equations 

'■  ; • ' " " , . ' I 


b,  Grossman1  s Method  _ 

e , Oolaad-Luka  Method,  with  eacUnaioo  by  Bsaqren  ad  Itttkine 

Coaxing  the  the  problea  of  oalonlatlng  the  torsional  constant  for 
bare  with  arbitrary  section  shape,  there  appear  to  bef  in  addition  to  masarioal  and 
variational  methods,  two  distinct  sohemee  for  the  practical  solution  of  the  Saint 
Venant  torsion  problem.  Both  are  subject  to  restrictions  on  the  fora  of  the  sec- 
tion boundary  and  the  nature  of  these  restrictions  should  serve  to  determine  which 
scheme  to  utilise  in  any  particular  example.  The  first  method  expresses  the  eola- 
tion (the  stress  function)  in  powers  of  a thickness  parameter  and  hence  is  restric- 
ted to  contours  with  high  length- to- thickness  ratio.  The  second  scheme  employe 
complex  mapping  and  requires  first,  that  the  function  which  mpps  the  section  contour 
Into  a circle  (or  near  circle)  be  known,  and  second  that  continuity  be  arranged  for 
in  the  gradient  of  the  complex  stress  function  at  singular  points  in  the  transfor- 
mation. The  mapping  method  is  subject  to  a further  c duplication  when  the  singly 
connected  domain  of  the  physical  problem  is  mapped  from  a doubly  connected  domain 
in  the  image  or  transformed  plane.  This  involves  the  collapse  of  the  inner  boun- 
dary, under  the  transformation,  to  a aero  area  contour  or  slit  in  the  physical 
plane  and  hence  imposes  additional  conditions  on  the  complex  stress  function  in 
order  to  insure  continuity  across  the  slit  in  the  physical  plane,  These  schemes 
are  essentially  embodies  in  the  methods  of  three  investigators,  es  follows:  (1) 

Duncan’s  Method}  (2)  Morris’s  Method}  (3)  Abranyan’s  Method.  The  limitations  of 
these  various  methods  will  be  investigated  for  the  case  of  classical  flutter  of 
plants  fixed  at  the  root.  At  a later  date,  this  analysis  will  be  extended  to  the 
important  practical  problea  of  stall  flutter  in  compressors, 

« e « « 
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Effect  of  Boundary  Lexers  on  Parfoaaance  of  Two  atoanalcnal 
Supersonic  Coopr eager  Cascades  ^ 

467-3-9  mamSLi  2 Bg..CC»^nOBt  July  1953 


unclassified  HBSPCBSIBLg  apramSTi  H.D.  Eckert  BXT.i  27153 
Research  Foundation  of  the  University  of  Tbledo 
The  purpose  of  this  task  la  to  detettd&e  the  effect  of  tetodery 
layers  on  the  performance  of  (1)  a (tingle  two  dimensional  super- 
eade  vsne  passage,  and  (2)  a two  dlnenaicoal  superecnic  oca- 
pressor  cascade. 


IV  WU^r 

2.3  witn  diamond  shaped  profiles  had  shown  that  in  the  entrance  part  of  the  pea- 
aagea  the  flow  followed  theoretical  predictions,  while  is  the  rear  part  the  be- 
havior was  quite  different  and  alaost  no  coaprscclcn  was  obtained.  Schlieren 
photographs  Indicated  that  this  was  due  to  separation  of  the  boundary  layer  free 
the  Buyfbeea  of  the  profile.  In  order  to  conduct  a closer  study  of  this  effect, 
an  enlarged  model  consisting  of  a single  yens  passage  has  been  built  and  is  being 
tested..  The  tests  are  accompanied  by  a study  of  the  available  literature  on  boun- 
dary layer  ebook  wave  interaction  phenomena. 


* * * * 

TITLE:  Survey  of  Ifcfomatian  an  Tbo  Dimensional  Cascades 

TASK  HO.  t 467-3-10  PRIORITY t 2 BST.  CCMPLETICBi  Vovse&ar  1952 

mump. i Unclassified  K>ch  KEa*  27153 

PRIME  CCKTRACTCR  t Brow  University 

PURPOSE*  The  purpose  of  this  task  is  to  provide  a complete  systematic 

survey  of  all  available  data,  both  theoretical  and  experimental, 
on  two-dimensional  cascades  for  use  in  guiding  future  Air  Force 
work  in  this  field  and  for  siding  the  designers  of  turbo- 
machinery, 

TO  DATS i A ccaplete  bibliography  of  two  dimensional  cascade  theory  and 

pertinent  cascade  experiments  is  being  ooapiled.  This  bibliography  includes  both 
theoretical  and  experimental  work  idiich  has  been  or  is  being  dans.  Theoretical 
papers  involved  concern  the  radial  flow,  as  well  as  tbs  straight, cascade. 


A detailed  comparison  has  been  made  of  several  theoretical  methods 
and  the  results  which  have  been  obtained  by  their  use  for  the  ratio  of  the  lift  of 
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the  airfoil  in  the  straight  cascade  to  the  lift  of  tbs  isolated  airfoil.  Excellent  r 
agreement  haiBbeep  found  among  several  of  the  methods  investigated  as  to  the  ef- 
fect of  angle  of  attai&*  Other  methods  are  sov  coder  Investigation.  One  of  thebe 
methods  gives  results  which  are  not  la  igreaeit  with  those  previously  Motioned. 
Tbs' reason  for  this  departure  oaa  be  explained  by  the  fast  that  the  conformal 


The  affect  of  the  finite  thickness  of  the  profiles  used  in  a 
straight  cascade  oaa  be  considered  as  a rttiplnnsment  effect.  Those  corrections, 
which  are  necessary  In  order  to  proceed  fran  infinitely  thin  airfoils  to  airfoils 
of  finite  thickness,)  are  ia  satisfactory  agreement  when  calculated  by  the  different 
methods  involved. 

Experiments  00  cascades  with  accelerated  floe  con  fire  the  can-  - 
cade  theory.  Experiments  an  oasoades  with  decelerated  floe  depart  somewhat  from  the 
theoretie&l  predictions.  This  departure  is  believed  to  be  due  largely  to  the  more 
rapid  growth  of  the  boundary  layer  in  a floe  with  an  increasing  stetiojpreaeure. 

Some  of  the  experimental  results  ldiich  have  been  studied  are 
considered  to  be  unreliable  - primarily  because  two  dimensional  flow  within  the  test 
set  up  Itself  is  not  positively  confirmed* 


•*  * * • 
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Axial  Flow  Compressor  Blading  Systems  of  High  Deflection  Angle 
467-3-11  PRICEITYi  2 23T.  OOMPiaTlOft  January  1955 

Confidential  jggjgggglg  SCmTISTt  J.  Loch  SXT.i  27153 
Johns  Hopkins  University 

The  purpose  of  this  task  is  to  study  the  advancement  of  know- 
ledge of  flow  phenomena  in  strongly  deflecting  vane  systems 
or  passages,  and  to  study  the  subsequent  determination  of 
means  for  increasing  the  mass  flow  and  stage  pressure  ratio  of 
axil-flow  compressors  for  given  overall  dimensions  and  rota- 
tional speeds. 


TO  DATS 1 The  contract  recently  want  into  effect  and  analytical  work  was 

begun.  However,  no  results  are  available  at  this  date. 


Viscosity  Effects  an  Two-djjawnalanal  Flow*  Threap 
Axial  Plow  Cespreseors  sad  Turbines 

467-3-12  mmxzt  2 m>  SfSSBtSM*  *****  1953 

Unclassified  H8S>0W5ISU  BBiartlBTt  J.  Loch  gXT.»  27153 
University  of  TlUnolB 

The  purpose  of  this  task  is  the  analysis  of  viscous  offsets  on 
two-dimensional  incompressible  cad  two-dimensional  subsonic  oa 
pressible  flows  throng  ajdal-fLow  ooegreasors  and  turfcliUHu 


£2}  March  1953 
J.  Loch  £Q.t  27153 


sumi 


The  contract  recently  went  into  effect  and  analytical  work 
, no  results  are  available  at  this  date* 
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Mixing  of  Predaertnantly  Qaaaous  Phase  Fluid  Stream* 


er  1952 
.»  27153 


467-3-13  FMflKCtti  2 BBT.  OCWLSTIOBi  December  1952  b 
Unclassified  R3ft»ttiag  SOfflBTgSti  J.  Loch  ££.1  27153 
University  of  nilnads 

The  purpose  of  this  task  is  to  (l)  for*  an  improved  theory 
as  to  the  weehaniwa  of  the  fluid  stream  raixirg  procese,  and. 

(2)  determine  the  relationships  among  the  pertinent  parameters 
used  to  describe  the  mixing  process  to  permit  the  prediction 

of  the  performance  of  any  system  having  a coplaaar,  coaxial, 
intersecting,  duo  ted  or  free  stream  configuration. 


TO  DATS  i There  has  been  a delay  in  receipt  of  reports  on  this  task  from 

the  University  of  Illinois  and  it  is  therefore  impossible  at  this  time  to  make 
a report  of  progress  to  date  under  the  Air  Force  sponsored  portion  of  the  program. 
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In  comp  re  s Bible  and  Compressible  Subscatio  Flow  Through  Three- 
Dimensional  Cascades  ¥' 

467-3-14  FRIOHITIt  2 1ST.  CCMFLBTICMi  March  1954 
Unclassified  gBggggyi  SCTBiTISTi  J.  Loch  EXT.:  27153 
Armour  Research  Fcrandation 

The  purpose  of  this  task  is  to  experimentally  and  theoretically 
Investigate  three-dimensional  cascades  as  ”sed  in  turbamachinery 
with  particular  snphasiB  on  conditions  existing  in  the  runners 
of  such,  machines. 


CONFIDENTIAL 


Project  No*  467-3-14  (Cant) 


TO  DATEi  . Principal  personnel  working  on  this  task  at  the  Anao ur  Research 

Foundation  visited  this  Laboratory  during  the  month  of  July  for  the  purpose  of  holding 
a technical  discussion  with  Propulsion  Branch  personnel.  In  general,  the  procedure 
to  be  followed  will  be  to  extend  the  theory  for  an  infinite  maker  of  blades 
using  the  concept  of  bound  vortices  to  to  the  ease  of  a finite  number  of  blades  by 
experimental  and  analytical  procedures.  This  will  to  followed  by  toe  subsequent 
experimental  verification  of  the  resultant  theory.  To  this  end*  a three  dimen- 
sional cascade  test  stand  has  been  designed)  together  with  a 14"  mixed  flow  oen- 
trifugai  livelier  naving  provision  fur  raying  the  aasstor  of  blndco.  The  rotor 
has  been  designed  on  the  basis  of  toe  theory  for  an  Infinite  maker  of  blades.  The 
deviation  of  the  experimental  data  from  that  predicted  by  theory  for  eaoh  different 
maker  of  blades  will  to  used  to  fora  a realistic  basis  for  the  modification  of  the 
infinite  maker  of  blades  theory  to  « finite  number  of  blades.  Provision  is  being 
node  in  toe  instrumentation  for  olromferentidl  and  axial  pressure  and  velocity 
traverses#  as  well  as  for  the  measurement  of  power  input)  meohsnioal  losses,  flow 
velocity,  and  mass  flow  rate  and  pressure  distribution  along  toe  blades. 

- . ' ° ^ , ec. 

The  principal  investigator,  Dr.  Bpannhake,  left  for  Burope  on 
indefinite  leave  for  several  months  on  2d  July  1992.  Provisions  have  been  made  for 
him  to  continue  his  work  under  this  contract  during  his  ebsenes  from  this  country.  ' 

It  is  anticipated  that  his  visit  abroad  will  to  beneficial  for  the  Flight  3s search 
Laboratory  turbo-machinery  research  program  in  that  Dr.  Spannhake  will  make  contact 
^fith  the  leading  turbo-machinery  researchers  abroad  during  hie  stay  there  and  will 
bring  back  this  knowledge  with  him  on  his  return  to  this  country. 
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SECURITY? 
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PURPOSE? 


Appraxlaatioo  Methods  for  Turbulent  Boundary  Layers  in 
Compressible  Flow  with  Pressure  Gradients 


467-3-15  PRIORITY?  2 S3T.  KMPLST1CB?  January  1954 
Unclassified  HB3P0B3IBI£  SCIENTIST?  H.U.  Eckert  EX£.i  27153 
None.  Work  being  accomplished  at  WADG. 

The  purpose  of  this  task  i3  to  develop  a method  of  calculating 
tvo-dinen s ional  turbulent  boundary  layers  along  smooth  insulated 
surfaces  in  compressible  flow  with  longitudinal  pressure  gradients. 


Projeot  Ho.  467-3-15  (Gent) 

• \\  ..  ...  ' 

TO  DATS t Since  no  experlatatal  data  ere  available  which  permit  evaluation 

of  the  energy  theorem  for  oomprest&bla  turbulent  boundary  layers  la  a «^w<iaa»  Mgr 
to  that  shioh'  has  been'  suggested  for  incompressible  flow  in  sobs  resent  papers,  an 
attempt  has  been  mads  to  account  for  the  variation  of  the  velocity  profile  with 
variation  of  the  free  streaa  velocity  by  a simple  superposition  aetbod.  ibis  method 
la  base!  upon  the  assumption  that  the  whole  fluid  within  the  boundary  layer  fol- 
lows wmidatlanw  of  the  free  streaa  velocity  disregarding  the  friction  losses  near 
the  surface,  , sy  considering  the  value  of  the  velocity  profile  ptraasterav  * suitable 
wall  dietanoe  as  characteristic  for  the  profile,  a staple  relation  between  profile 
parsseter  and  relative  velooity  change  is  obtained,  Gooparison  with  a few  available 
experimental  data  shows  qualitative  agreement  for  ascelerated  and  moderately  de- 
oalerated  flows,  while  the  quantitative  affect  la  taderestiaated » 

" #*** 

Aircraft  Propulsion  Pooping  Systems 
467-4-1  mmmt  2 sat.  KBgLSTICHt  January  1953  . 
Confidential  B8SPCB3TO  aOXS»TI3Ti  J.  Loch  SXT.i  27133 
Bans,  Work  being  accomplished  at  WAX. 

The  purpose  of  this  task  is  to  study  the  various  systems  which 
can  be  employed  to  pump  the  fluids  used  in  the  operation  of  air- 
oraft  power  plants. 

TO  PATSt  A survey  has  been  made  of  the  various  pumping  applications  in 

aircraft  propulsion  systems,  and  a list  of  the  important  variables  concerned  in  the 
evaluation  of  pvenpa  has  been  compiled.  Various  systems  o?  pump  classification 
have  been  investigated  and  a new  one  devised  which,  it  is  believed,  may  lead  to 
a unification  and  simplification  of  softs  lines  of  pump  work.  According  to  this* 
system,  a pump  is  classified  as  either  rotating  or  non- rota ting  and  cross  classi- 
fied ae  either  positive  displacement  or  flow,  referring  to  the  immediate  means  by 
which  the  fluid  pressure  is  increased. 

A British  report  dealing  with  the  same  problem,  but  only  for 
rocket  power  plants,  was  received.  While  the  classification  of  the  pumping  ma- 
chinery used  is  not  the  same  as  that  tentatively  adapted  for  our  own  invest igatdai, 
some  valuable  Information  in  qualitative  fora  is  contained  in  the  report.  Unfor- 
tunately, virtually  no  quantitative  data  is  given,  and  hsice  the  ©ssmtlal  work  of 
this  task  is  still  to  be  accomplished. 

tt  c «« 


TITLE t 
TASK  HQ. i 

jjjjjjjCT 

PBBfc  CCffTBACTOBi 

g mm 


128 


Comparative  Performance  of  Aircraft  Propulsion  gjrstsm a 
46?-4-2  mOSITTi  2 88T.  CCHPIBTICBi  Continuing 

confidential  mmmmsjsmmm*  j.  Loch  m.«  27153 

Bone.  Work  being  aoconpl  1 shed  at  MOO, 

Iho  purpose  of  this  took  la  to  study  tho  confers  tlvs  performance 
of  idroraft  propulsion  system  which  say  consist  of  one  or  more 
power  pints  of  various  typos  of  outputs. 

to  PAIR*  Ibo  first  part  of  this  investigation  was  tho  standardisation 

of  fttdl  thermodynamic  characteristics  for  sixtresibing  propulsicp  system. 

A program  was  then  Initiated  to  obtain  tho  required  thermodynamic 
data  would  not  ooataia  ths  sfeortgcsrings  of  previous  presentations.  As  oao 
part  of  th4  program,  a contract  was  let  to  tbs  Bureau  of  Mines  which  covered  the 
oaloul^tjcsi  of  theraodynaaio  properties  of  the  combustion  properties  of  4 standard 
foal-air  mixture  (AT  Oo&traet  Xo.  33-038-51-4123). 

A WOO  Technical  Bote  is  now  in  ths  process  of  being  prepared; 
it  is  baaed  essentially  on  the  thermodynamic  properties  of  gases  given  by  the 
Rational  Bureau  of  Standards  tables  and  ths  data  «*t*t«*  by  the  Bureau  of  Hines. 
Values  will  be  given  for  inlet  tenpersturee  of  JOCP  to  2000**  end  flam  tcopera- 
tures  from  1000?  to  4000°  over  tbs  pressure  range  of  0.1  to  100  atms.  and  for 
fttsl-air  ratios  of  0 to  0.20,  making  due  allowances  for  dlsassooistian.  Data  will 
be  presented  in  graphical  fonts  for  true  and  mean  speelfle  heat  of  dry  air  and  com- 
bustion products,  specific  boat  ratio,  gaa  constant  and  oodbustion  temperature 
rise  for  the  oospresslon,  combustion  sad  expansion  eycles.  It  is  expected  that  this 
paper  will  be  ready  for  publication  in  ths  mar  future. 

• •*  • p 
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Preturbine  Injection  and 

467-4-3  mmmi  2 as y.  cmgLggcBt  continuing 

Oonfidsatial  BBSP0B3IBLB  3C OBTEST t D.0.  Samaras  KXT.t  27153 
Bene.  Work  being  accomplished  at  WADC. 

The  purpose  of  this  task  is  to  investigate  the  potentialities 
of  preturbine  injection  afterburning  or  reheat  equipped  air- 
craft gas  turbines. 

The  afterburning  turbojet  was  introduced  sore  than  a decade 
ago,  however,  its  utilisation  was  not  so  wide  as  that  of  the  simple  turbojet.  Con- 
siderable work  was  done  during  World  War  U and  after,  which  established  its  ranges 
of  utilisation  i Among  other  uses  of  the  afterburning  turbojet,  the  following  are 
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the  scat  important* 
guddctd  gjaslla. 


(1)  Transonic  fighter,  (2)  Supersonic 


, (3) 


The  mi  11  wry  requirements  of  the  obey*  three  installations  are . 
different*  Two  ere  tha  present  day  available  nodes  of  afterbundag,  aasely,  liquid 
foal  Injection  and  vsr*«dsed  fnai  Injection.  The  following  era  toe  neie  types  of 
injection t (1)  Pretu*  line  injection,  (2)  AftartwWne  upetreaa  injection  with  flana 

doMnatrean  Injection  with  flaae  holders,  (5)  Turbina  downstream  injectors. 


The  following  table  shows  a ceeperisoa  of  the  aadn  characteristics 


^pe 

Ccnbustion  efficiency 

Pressure  Loose* 

o Temperature 

Olstribution  _ 

Soreetohing 

1 

mod 

low 

c 

bed 

free 

2 

- - ff**  , - 

= Jm  ,,  , 

good 

badly 

3 

good 

low 

good 

free 

4 

pot  80  good 

high 

aaybe  good 

very  badly 

3 

poor 

not  so  high 

naybe  good 

maybe  free 

The  aase  types  of  injection  nay  be  used  for  fuel  vaporisation, 
however,  another  method  was  found  to  bd  extremely  advantageous  at  high-flight  Mach 
speeds  (above  2*0)*  This  type  vaporises  the  fuel  in  the  turbine  blading  and  in- 
jects the  fuel  vapor  in  the  gas  stream.  The  cooling  of  the  turbine  blading  per- 
mits higher  coacmation  tenperaturea  in  the  main  combustor  and  requires  a con- 
siderably shorter  afterburner.  The  thermodynamic  efficiency  of  this  system  la 
higher  than  that  of  the  aircooled -system.  The  impjoveaents  in  range  as  coopered 
to  the  aircooled  afterburning  turbojet  is  10£  to  2$%  higher. 


Utilisation  of  less  strategic  material  shows  considerably 


larger  improvements 


RESTRICTED 


Project  Ko.  447-4-3  (Cdnt) 


A Technical ' Note  is  in  the  procsss  of  publication  giving  complete 
account  of  the  project. 


problem. 


The  work  is  continuing  into  other  phases  of  the  afterburning 


ease 
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Direct  Heasuressnt  of  Socket  Exhaust  Velocities 

447-4-4-  PRIOSITY : 2 B3T . CCKHagOB:  July  1953 

Sestrictaq  ^P^IBLy L.g.^Bollittfler  EXT.: 27133 


pias  cOSTRAGTORi  Kona.  Work  being  accomplished  at  WADC. 


velocity  of  gases  exhausted  by  e gaseous  and/<r  liquid  propellut 
rocket  thrust  chamber. 


TO  DATE?  Zt  has  been  decided  that  premixed  gaseous  hydrogen  and  gaseous 

oxygen  will  be  used  far  the  rocket  actor  propellant  caabl nation. 

The  aotor  with  associated  equipment  is  now  being  set  up.  It  is 
expected  that  tbs  aotor  will  be  fired  before  1 September  1952.  However,  seme  delay 
will  be  experienced  before  actual  velocity  measurements  oan  be  made  because  of  th£ 
necessary  development  work  on  the  30m.  electronic  gates.  Until  the  gates  are 
available,  preliminary  tests  will  be  made  with  the  rocket  actor.  This  is  neoessary 
because  no  premised  gaseous  hydrogen-gaseous  oxygen  rocket  has  been  successfully 
operated  to  date. 

With  information  obtained  by  an  investigator  on  a contract  spon- 
sored by  the  Propulsion  Branch  it  is  expected  that  no  serious  difficulties  will 
be  encountered  insofar  as  the  motor  operations  are  concerned. 

a a * a 


TITLE; 

TASK  MO. i 
SECURITT: 

PRIME  CONTRACTOR: 
PURPOSE:  . 


Continuing 
Kiesell  EXT. 


; 27153 


Plow  Visualisation  Methods  Study 
447-4-5  PRIORITY:  2 EST.  OOHFLBTIOSt 
Unclassified  RESPONSIBLE  SCIBTTIST;  K, 

Hone.  Work  being  accomplished  at  WADC 
The  purpose  of  this  task  is  to  develop  systematised  techniques 
for  the  visualisation  of  fluid  flow  in  various  physical  situa- 
tions of  ironed! ate  and  future  application  in  propulsion  research. 
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Project  Ha.  467-4-5  (Coat) 


70  PATKt  A program  for  the  study  of  flow  visualisation  in  rotating 

machinery  utilising  a transparent  peripheral  pump  has  bean  initiated*  The  flow 
patterns  will  first  be  traced  by  use  of  suspended  particles,  air  bubbles,  powdered 
aluminum,  or  suitable  motion  picture  camera  from  two  perpendicular  directions* 

The  first  test  runs  have  shown  that,  aa  expected,  the  lighting  of  the  particles 
will  be  the  principal  problem  in  obtaining  the  data*  The  reduction  of  tee  data 
will  not  begin  until  better  records  are  obtained.  Improved  lighting  is  at  present 
nr rr acted  hy  Ls*k  w.  Milts  — ill  available  circuits  having 

been  saturated  with  the  lnmpa  and  camera. 

A survey  of  the  literature  for  flow  visualisation  techniques 
is  being  conducted.  Keny  references  have  been  obtained  in  addition  to  those  given 
In  a report  prepared  by  the  General  Electric  Ooapeny  at  Flight  Research  Laboratory's 
request.  These  are  being  <&g«ist«d  for  release  as  aa  interim  technical  report  end 
for  selection  of  techniques  for  specific  evaluation  for  U3AF  use* 


* • * « 

//  ■■  ■ 

TEELS  i Boundary  Layer  Radioactive  Tracer  Technique 

TASLgO.t  467-4-4  racsrg-i  2 B3T.  OOmsmth  1 January  1953 

amUTTt  Onolaseified  IBSMItaCBLB  3CIHffX3Tt  L.S.  Bollinger  g&.t  27153 

PSPg  OOBTRACTORt  Department  of  Bigin  earing  Research,  Forth  Carolina  State 

College 

222925*  The  purpose  of  this  task  is  to  develop  a technique  for  using 

radioactive  tracers  in  a study  of  the  relative  motions  of 
various  portions  of  a fluid  flowing  through  a pipe  or  other 
ducts*  In  particular,  it  is  desired  to  epply  this  technique 
to  the  boundary  layers  of  the  fluid  inmed lately  adjacent  to 
# tee  duct  walls, 

TO  DATBt  Counters  have  been  designed  and  constructed  to  receive  the  output 

of  the  sodium'  iodide  crystal -photomultiplier  tube  radiation  detector*  The  30  foot 
column  and  support  tower  have  been  completed,  A 5 foot  section  of  precision  bore 
glass  tubing  will  be  used  for  the  test  section. 

Preliminary  tests,  using  dyes' in  a scale  model  of  the  column, 
have  boon  made  to  study  the  problem  of  achieving  planar  interfaces  between  the 
radioactive  and  non-radioactive  solutions.  It  is  believed  that  a method  has  been 
perfected.  Tests  On  the  actual  column  will  be  conducted  with  dyes  to  confirm 
the  validity  of  the  method  successfully  used  on  the  scale  model, 

o o « o 
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Socket  Twperature  XtiiumaBnta 

467-4-7  PBxoaiTfi  2 par,  caffimaii  *071953 

Unclothe* ; BS3gQi3£ELg  t L.B.  Ballinger , BT.«  27153 

£030*  Wrfc  being  ucaapllnhed  at  WADQ, 

The  purpose  ©f  this  task  is  to  dstemiae  eujtahla  Inetruasntatiaa 
fee  ssasure  the  ta^erstuee  of  hot  guti  tad  solids  at  various 
regions  la  - roekst  nh  saber  cad  la  the  jet  stress. 


^LPATtSi  PfMurg'Mfe  action  has  bees  Initiated  to  obtain  special  Id  etoft 

infrared  pfcotcmltiplisr  tuboo.  these  will  be  used  as  detectors  la  a high  tewpere- 


« * • * 


TOLSi  Per  femmes  Analysis  of  Banjst  mdWhsat  Turbojet  Tfriglftss 

mja»>  467-4-3  E§ams»  ib  sat*  ccagigncKs  Deader  1952  \ 

[1  tfeOnaoifiBd  D.Q.  Sssaras  SQ.i  27153 

SgffTRASTOSs  Boss.  Worts  being  aasoepllrtied  at  WOO. 

"It  this  stsrty  la  neoesqayy  for  the  seleotion  of  the  optimal  type 

of  power  plsat  for  superaooio  aircraft  and  alsslles. 


XO  SAEBi  Perfomance  calculations  arc  preceding  sttiafaotorily.  Keen- 

while#  statistical  data  on  perfOrcanoe  coefficient*  hare  bean  gathered* 

Work  oh  the  th^nodanaaale  date  of  a standard  fuel  of  Project 
467-*4-5  is  near  ocapletlon  and  will  be  used  in  the  performance  calculations  of,  this 
project. 


lsprovedo 


the  older  method  of  performance  analysts  has  been  considerably 


The  work  of  incorporating  roc  ant  experimental  data  on  blade 
cooling  into  the  older  ones  has  been  started. 


the  same  as  above  in  the  case  of  euparsonio  inlets, 

Trrz  a few  spot  calculations,  it  is  obvious  that  die  turbojet 
with  afterburning  suitability  reaches  Mach  speed  of  the  order  of  3.0  to  3.5. 
Above  these  Mach  speeds,  the  ramjet  shove  better  suitability. 

0 0*0 


TlTLEs  Unotosdy  Plot?  Instrumentation 

TASK  NO.  i 467-4-9  PRIORITY  2 B3T.  CQMTLBTIQHi  July  1953 

SBSURTTXi  Unclassified  BBSP0&SX3LE  3CS5NTXST;  LeE.  Bollinger  3TT, : 27153 


Projeot  So.  467-4-9  (Coot)  j f 


Son*.  Start?  being  accoaplisfaed  at  WmX:*  - /; 

Eh*  detereiaafcioa  df  suitable  iugtnwitstlon  to  —Mure  ~> 
various  a,  pressures,  flees,  oeoilla.tl«MJ>  Stovy  : 

a&i§ta  occur  daring  matesdy  flow  conditions  la  roctei  ester  “ 
and  ulnd  tom  el.  ~ f 


tO  PASEt  A special  srfiparator  to  ramus  coat  quartz  fibers  with  metals 

hM  bocn  designed.  tbs  fibers  will  be  mod  as  port  of  o high  frofsmnay  tmpemtnre 
trsnsdaoer,  ' 


8co-ther»ol  Propalsioa  Survey 
467-<-10  '2SSSS*  3 at.  OCPXMMi  June  1953 
ttwloofdfiad  SUMIMi  K,  l&oaoll  Bff.t  27153 

Booo.  Btartc  being  perfumed  at  SSB. 

The  purpose  of  this  task  te  to  consider  generalised  propal  sion 
systems  not  primarily  utilising  them nl  energy  release  for 
propulsive  offset. 

TP  PAUfci  this  project  vu  Initiated  to  insure  s constant  awareness  of  ths  i 

possibilities  of  utilising  propulsion  systems  not  depending  primarily  oa  then*! 
easror  rolesss  for  their  propulsive  forest.  This  lncledee  continuous  survey  of  ^ 

the  literature  end  the  aaslyeia  of  systems  to  detemins  their  technological  feasi- 
bility. 

- /. 

Lack  of  manpower  sod  low  priority  hare  not  pemltted  much  work 
on  this  project.  A library  search  is  in  progress  taut  1s  saving  slowly.  Corres- 
pondence has  been  initiated  with  specialists  In  field  theory,  including  Dr.  Blast#!** 
to  obtain  their  opinions  on  the  present  possibilities  of  non-thermal  propulsion. 


2SBES&* 
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la^fligbt  Beat  Transfer  and  Cooling 

hh 7-4-11  VmCBTZZi  2 E5?e  C«PLBTOBt  July  1953 

Daolaseined  jggXgaggg  80I»fflgT»  B.D.  Stephans  KXT.l  2T153 
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Project  Ho,  467-4-11  (Coot) 

rams  CCg^gCTOgi  Hons.  Work  being  performed  at  VCADG, 

PURPOSE:  The  purpose  of  thie  task  is  to  provide  information  which  will 

be  required  In  the  determination  of  cooling  requirementefor 
engines,  alroraft  cabins,  compartments,  components,  etc. 

• t i , 

TO  DATE:  The  first  phase  of  this  project  was  concerned  with  & review  of 

the  upper  atoosphere.  The  available  data  presents  a picture  of  qualitative  order 
at  lower  altitudes)  however,  the  order  of  agreement  becomes  progressively  less  with 
increase  in  altitude.  An  understanding  is  required  of  the  heat  saahange  mechanism 
in  the  upper  regions  of  the  atmosphere,  ' -w  . 

' «=■  • " ' j;  1 . ’ t:  ■■  ■ ■"■ 

It  is  concluded  that  the  tentative  standard  data  (MICA  W 1200) 
should  be  used  pending  the  availability  of  more  consistent  information  that  might 
warrant  modification  of  the  tentative  data,  A report,  has  be:n  written  on  this  phase 
of  the  projeoi,  T 

The  effects  of  aerodynamic  heating  based  upon  the  tentative 
standard  a too  sphere  were  then  investigated.  The  following  charts  have  been  prepared 
from  calculated  data:  (1)  Adiabatic  wall  temperature  (steady  state)  for  different 

free  stream  Kach  numbers  (1-10)  and  altitudes  (0-300,000  ft.),  (2)  Total  best  flow 
(or  total  cycling  load  in  Btu/ft^hr.)  from  a wedge-shaped  wing  during  steai^  state 
flight  at  predetermined  surface  temperatures  depending  upon  the  strength  require- 
ment of  the  structural  tthteriai  (cooling  ic«*u  to  K*ch  master  at  0-300,000  ft.), 

(3)  Surface  temperature  vs  Mach  number  where  no  cooling  is  required  to  maintain 
limited  surface  temperatures,  and  {4}  Endurance  flight  time  vs  free  stream  Mach 
numbers  for  a double  wedge  in  steady  state  flight  with  extreme  cooling  of  upper 
and  lower  front  surfaces  of  the  wedge. 

The  surface  temperature  and  er^duraras  flight  time  of  a wing  made 
. of  other  materials  (titanium  and  steel)  will  also  be  shown, 

■ - ~~~  * « * * 

■ TITLa 1 Application  of  Detonative  Combustion  to  Pulse  Jet  Engines 

TASK  NO. : 467-4-12  PRIORITY:  2 EST.  COMPLETION 1 January  1953 


SS’BCSffl®  135 

SECURITY  INFORMATION 
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Project  So,  467-4-12  (Cent) 


TIi 


Unclassified  RRflfrrasTBT.g  3c; 


ii-jutlii 


. ft  B.T.  Wolfaon  P7T.  1 Z7153 

- - -r-  C OHTRASTOB t Aero-Ptgraics  PevalopeMPt  Corpora^cm 

HJRKBSt  Tha  purpose  of  this  task  is  to  do  research  odd  dsvalopasat  on 

an  application  of  detonative  combustion  phenomena  peculiar 
to  pulse-jet  propulsion  systems. 


SLMS*  purpose  of  this investigation  is  to  determine  the  feasibility 

of  the  application  of  deton&tive  combustion  to  a pulse  jet  engine,  ftjg  is  to  be 
accoaplished  by  the  utilization  of  all  available  infatuation  on  the 
parte  of  ths  puls*  compression  detonative  combustion  jet  system  in  mkkin^  a theoreti- 
cal performance  evaluation  of  thin  eystsn  as  j^oqMU'ed  to  the  eoaggMgg?  gnlse 
Jetind  turbojet  systems.  " _ • * r 

To  date,  the  cootrector  has  presented  an  evaluation  betwemj  his 
systsn  and  tto  contentions!  poise  jet  end  turbojet  engines.  Bonarves^  these' ten*  - 
parisons  were  adalssding  insofar  as  they  were  based  on  the  aastmptise  of  loogf  ef- 
ficiency of  operation  of  all  the  cycles  being  compared.  These  ^ nlU 
bo- corrected  by  the  contractor,  insofar  as  a *•*-* «*  performance  evaluation 

be  vde  based  on  actual  efficiencies  of  the  ocapcneut  parts  of  each  system  compared. 

Insofar  aa  experimental  installation  and  work  is  concerned,  the  ADC 
nearly  completed  fabrication  and  ins  tails  ti  on  of  s simple  detonation  tube  -2B  dia., 

40  ft.  long,  divided  into  t»  chsabere  by  a dlaphragi.  One  of  the  first  things 
planned  ter  investigation  in  this  tube  is  the  4 detonation  wave  — 

possibly  using  ethylene  as  a fuel. 

(•  ••  , - 

Also,  the  ADC  has  construe  ted  a breadboard  nodal  of  their  cysten 
incorporated  in  a nodal  of  a propulsion  unit.  A «wi.nj  rsn  m . Md.)  ^nd  of 
the  modifications  in  their  basic  aystan  is  to  to  presented  by  the  contractor  in 
a forthcoming  report. 

Future  Plans  a 

Curing  the  remainder  of  the  contract,  the  ADC  is  to  continue 
their  investigation  of  the  theoretical  performance  evaluation  of  their  systems  as 
compared  to  the  conventional  pulse  and  turbo  jet  systems. 


Also,  they  will  conduct  minor  experimental  cork  necessary  to 
substantiate  fundamental  information  utilised  in  the  theoretical  performance 
evaluation.  

«-  * * * 
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X£f£j*  Slew  Discharge  for  Turbul«snce  Measurements 

m-M-:  467-4-1 3 PRIORITY:  2 B3T,  CCHPICTIOK:  Jaaiaay  195^ 

Sm-mm  Unclassified  |g3P0S3XBLE  3CJBmSTt  L*E.  Bollinger  EXT.* 

paifig  COhTRACTOBt  University  of  Minnesota 

PUg-^t  Iho  purpose  of  this  task  is  to  investigate  means  other  than  the 

hot-wire  for  measuring  turbulence  and  to  attempt  to  measure  pres- 
sure fluctuation  in  an  airflow* 

TO  JATS:  Considerable  delays  have  been  experienced  qn  this  project*  The 

cocractor  discovered,  after  the  first  year's  operation,  that  the  corona  discharge 
instrument's  response  was  primarily  a function  of  density  rather  than  pressure  as 
originally  assumed.  The  contract  was  renewed  for  a year  to  **  ■*-  .lop  this  instrument 
into  a useful  research  tool.  Because  of  the  delays  in  getting  the  project  renewed, 
most  of  the  personnel  were  transferred  to  other  work  since  no  funds  were  left  over 
fror  the  original  contract*  The  first  quarter's  work  on  the  extension  has  produced 
nothing  new*  Apparently  most  of  the  time  was  consumed  in  obtaining,  personnel  and 
re-establishing  operation  of  the  test  equipment. 

* * * * 
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